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paralysis m poliomyelitis; this is done in all patients who require reconstriicti\'o inoa.siire^ 
and have active power in both inner and outer hamstring groups. This practice lias com- 
pletely eliminated the complication of postoperative lateral dislocation of the patella, vet 
has maintained the desirable features of the hamstring transplantation. 

In four cases of the present series with completely paralyzed biceps and quadriceps, 
the semitendinosus alone was transplanted forward to the patella. In these ca.«es, the 
transplantation was done chiefly to relieve a persistentlj- recurring fle.xion deformity of 
the knee, j’^et in two instances excellent function has resulted. 

In tills Clinic, a total of 134 hamstring transplantations for the relief of residiu: 
quadriceps paralysis in poliomyelitis have been observed, including the original si.xty-thrcc ] 
cases reported hy Crego and Fischer. The follow-up periods range from one to twenty-t v 
years. 

An analysis of the end results in the present studj' will be presented; and the pri 
ciples, technique, and conclusions set forth in the original report will be modifiefi, .a . 
indicated. 


RESULTS 

The results of the present analysis of cases are reported according to the followi- 
grouping: 

1. Transplantation of the Biceps Fcinoris Alone to the Patella: A total of 100 sin J 

transplantations were performed; eleven of these patients subsequently had the f ,• 
tendinosus transplanted to the patella to correct lateral dislocation of the patella. > 

2. Transplantation of the Biceps Fenwris and Semitendinosns to the Patella: In ninctcci ^ 

of a total of thirt}'’ such cases, the biceps and semitendinosus were transplanted simul- 
taneously as the initial operative procedure. In the remaining eleven cases the bicep.s 
femoris had originally been transplanted ; the semitendinosus was transplanted secondarily, ^ 
in addition to the tibial tubercle, to I’elieve lateral dislocation of the patella. ^ 

3. Transplantation of the Semitendinosus Alone to the Patella: In four cases, transplant! - 
tion of the semitendinosus alone was done primarilj' to relieve recurrent flexion deformi^ i 
of the knee, due to muscle imbalance around the knee. In these cases the biceps femori , ■ 
as well as the quadriceps, was parah'zed. 

Results are considered excellent in those cases with: 

1. Normal active power of extension; i 

2. No recurvatum; ii 

3. Brace-free extremity; ' ' 

4. No lateral displacement of patella; | 

5. Stabilit 3 ' of knee in walking. 

Good results comprise those cases with; 

1. Actwe extension, 135 to 180 degrees; 

2. Recurvatum absent to mild ; 

3. Brace-free e.xtremitj^; ^ 

4. No lateral displacement of patella; li 

5. Stability -of knee in walking. 

^Yith/a^V results, there is: 

1. Active extension, 95 to 135 degrees; 

2. Recur\-atum absent to moderate; 

3. Brace-free extremity; , ' 

4. No lateral displacement of patella; ^ 

5. Stabilitj' of knee in walking. 

Poor results are characterized by: , ^ 

1. Total failure of transplant to e.xtend knee: 

2. Severe, painful, or disabling recurvatum; j 
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In 1931, Crego and Fischer reported the end results in sixty-three cases in ivhich the 
ceps femoris tendon had been transplanted to the patella for relief of residual quadriceps 
iralysis in pohomyelitis. In that report, sixti* of si.xty-one cases lyere regarded as being 
tisfactory, and about 62 per cent, of these were classed as hanng e.xcellent results. The 
iginal report cOueredTollow-up periods of from one to six years. 

]\Ian 3 ^ of tbpSoilglhal six't 3 '^-th'ree .cases have now been followed for as long as fifteen 
twent 3 "-two 3 'ears; and certain factors, 'resulting in failure of the transplant to produce 
satisfactor 3 * end result, have appeared as the follow-up period lengthened. 

TJbe report of the first si.\'t 3 ^-three cases in this series embraced the transplantation of 
e biceps femoris alone to the patella, to restore extensor power in the knee. As the follow- 
) period in these and subsequent cases lengthened, it became apparent that lateral dis- 
cation of the patella following operation was being obsen-ed more and more frequcntli*. 
d that additional surgical procedures were required to correct the patellar displacement., 
tiis complication alone became a contra-indication to the operative procedure. With thtr 
itella completel 3 ' displaced lateralh*, due to unbalanced pull of the biceps femoris. there 
a loss of e.x'tension b 3 ' this transplanted biceps, as a result of change in mechanicaLpull 
jss the knee-joint hinge. Although in man 3 ' instances it has been obsen-ed that, with 
^e knee in full e.xtension, the position can be maintained even with a lateralh- displaced 
itella, active extension from flex-ion cannot be accomplished, and thus the practical value 
the transplant is lost. At the present time, twentx'-nine of 100 biceps femoris trans- 
mtations are known to have resulted in lateral dislocation of the patella; there m.a,!* well 
j more than this number. y 

Surgical correction of the lateral dislocation eventually resolved itself into a shifting 
' the tibial tubercle medialh' on the tibial shaft, combined with trapsferance of the 
:mitendinosus forward, to restore balance in the pull on the patella hi- the tninsplants. 
ransplantation of the tibial tubercle alone did not prove uniformly successful in pre- 
enting redislocation of the patella. 

In 1927, one case of quadriceps parali'sis was treated, as the initial reconstruetiie 
ocedure, 63 * the simultaneous transplantation of the biccp< and semitendinosus forward 
the patella. This case was graded as e.xcellent after a folli-w-iij) period of eight .rears. 
Since 1935. it has been the general nde in this Clinic tp transplant simultanemi.-h- 
oth the biceps and semitendinosus forward to the patella for relief of re.-idual (juadrieep< 

• 'Read .at the .Annu.al Meeting of The American Ac.ademy of OrtliopaMic .^urp-on''. ndcaco. Rlinoi-, 
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Hamstring power, of course, is necessary for eventual extension after transplanta-.'oi); 
however, in two instances in which the inner hamstrings were graded as poor or less, . . > 
semitendinosus was nevertheless transplanted to the patella. This was done because \ o 
believed that the transplanted inner hamstring, although weak, would act as a cheek-siii.g 
on the patella, to prevent lateral dislocation. 

In the earlier report, normal power in the gastrocnemius was a recpiisite for tin 
selection of cases suitable for operation, since it was believed that weakness of this muscle 
would result in recurvatum and thus negate the value of the hamstring transplantation. 
A normal calf group is not essential for excellent results, but it is desirable, since many 
patients who were examined depended entirely upon contraction of the gastrocnemius 
for obtaining active flexion of the knee postoperatively. From 10 to 15 degrees of activi 
flexion against gravity, from complete extension, was the maximum observed from con- 


traction of the gastrocnemius alone. Strong gastrocnemius power, it is believed, helps t< 
control the tendency to recurvatum after operation. AVeak calf power, ho\ve\’or, is no' 
the major factor in producing recurvatum, since of twenty-three patients in whonj 
recurrmtum developed, only six had less than fair power in the calf group, whereas seven 
had fair power, four had good power-, and six had normal power. 

In general, then, we believe that, from a standpoint of muscle power, those patients 
arc eligible for reconstructive surgery who have sufficient residual muscle power to warrant tie 
reasonable expectation that apparatus can be discarded postoperatively. 

As stated in the original report, active cooperation on the part of the patient is esse.i- 
tial for postoperative rehabilitation, since careful and diligent postoperative physiotherapy 
is required to realize early maximum benefit from the operative procedure. Mental in- 
ability to cooperate is a contra-indication to reconsti uctive suigeiy. ^ 

Fixed deformities, such as fle.xion of the hip, flexion of the knee, and cqumus of the 
foot must be corrected before hamstring transplantation. Correction of fle.xion deformuics 
of tlU hip and knee after hamstring transplantation shortens the distance from origin -o 
insertion of the muscles and thus weakens the power of contraction. Uncorrected equ uis 
of the foot causes compensatory recurvatum. 


r 


OPERATIVE TECHNIQUE 

The operative technique remains the same as that originally described by Crego a.u' 
Fischer foi transplantation of the biceps femoris alone. In transplanting biccp. 
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TABLE IV 

Patie.nts wiTir Poor or Less Power ix Caef Group 


Operative Procedure 


Per cent. 


Biceps transplantation alone 

Resulting in recur\'atuin 25 

Graded as excellent ]2 

Biceps and semitendinosus transplantation 

Resulting in rccurvatum 29 

Graded as excellent s 


angular pathwaj' to the patella decreases the efficiencj' of the muscle pull. Thi.s principle 
is brought out in detail in the technique of biceps transplantation. The .«cinitendinosus 
tendon is then anchored into the bod 3 ' of the patella, with that of the biceps. Figure 1 
demonstrates the appearance of the completed transplantation. 

It is important to stress the necessitj' for care in dissecting the biceps and semi- 
tendinosus tendons from their insertions, since it is essential to preserve the tibial and 
fibular collateral ligaments intact, and either or both could be divided during the dissection. 

Five cases of biceps transplantation alone, one case of biceps and semitendinosus 
transplantation, and one case of semitendinosus transplantation alone were clas.sified as 
poor, because of lateral instabilitj’ of the knee, for which protective braces were required 
after operation. This instabilit}’ ma}' have been due to operative division of the collateral 
ligaments. 

rOSTOPERATIVE CARE 

Upon completion of the operation, the extremity is immobilized in plaster-of-Paris 
from groin to toes, with the knee in from 175 to 180 degrees of extension. Forced hj'per- 
extension is unnecessary, and aids in the development of postoperative rccurvatum bj' 
stretching the posterior supportive structures of the knee joint. 

It was formerty stressed that postoperative flexion of the hip must be avoided. J he 
present survej' has shown that, on numerous occasions, the patient has been found sitting 
upright in bed" on the first postoperative day and subsequentty. In no instance has this 
resulted in failure or in impaired end re.sults. 

Pln’^siotherapx' is begun between the third and fourth week after operation, as origi- 
nalty described; complete removal of plaster during the eighth week is followed In’ acti\c 
flexion of the knee against gravity. As soon as sufficient power has been obtained to 
stabilize the knee in extension, the patient becomes ambulatorj’ without brace.-. In the 
last five semitendinosus and biceps transplantations in this study (where the cases have 
been followed from one to four years), no postoperative apparatus has been used, and the 
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3. Brace required after surgeiy; 

4. Lateral displacement of patella; 

5. Instability of knee in walking. 

Excellent, good, and fair results are considered satisfactorj-. Poor results are considered 
satisfactory. 

Table 1 shows that transplantation of the semitendinosus and the biceps to the patella 
relief of quadriceps parah'sis produced 30 per cent, more e.xcellent results than trans- 
antation of the biceps femoris alone. Biceps and semitendinosus transfers resulted in 
per cent, of satisfactory results, as compared with 56 per cent, of satisfactory’ results 
om the transplantation of the biceps alone. 

Transplanting the semitendinosus alone to the patella resulted in three satisfactoiy 
^ 'Its in four cases, since this operation was done primarilj' to relieve the cause of recur- 
nt fle.xion deformity of the knee with paralyzed quadriceps and paralyzed outer ham- 
rings, rather than to obtain active power in e.xtension of the knee. 

SELECTIOX OF C.t.SES AXD REQUIREMEXTS FOR SERGERY 

In the original report of this series, the importance of adequate power in various 
ruscle groups around the hip and knee, as a prerequisite to selection of a case for rccon- 
uctive surgerj', was stressed. At that time it was felt that fair or better power in the 
ip flexors, glutaeus ma.ximus, hamstrings, and the gastrocnemius and soleus groups 

essential to good end results. Certainly a ma.ximum amount of power in these muscle 
ups is desirable, but it is not an essential requisite for the selection of cases. In Table II 
' ^ shown the relative strengths of these various muscle groups, excellent and poor results 
iieing compared in the two major groupings. 

; Hip extensor and hip flexor power is important for ease in walking up and down stairs. 
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Recurvatum, then, results from the 
authors believe that the development of 
following conditions exist; 


combination of factors just mentioned, and tlio 
recurvatum will be kept to a minimum if the 


1. Fair or better power is present in the gastrocnemius; 

2. Postoperative hyperextension of the knee in plaster is avoided; 

3. Equinus deformity is corrected before weight-bearing is begun postoperati\-eIy; 

4. Postoperative braces which will throw the knee into recurvatum are avoided; 

5. Diligent postoperative physiotherapy, to promote active flexion of the knee, is 
carried out. 


Total failure of the transplant to function occurred in six cases (Table 4T). Pour of 
these were biceps transplantations alone, one was a biceps and semitendinosus tran.s- 
plantation, and one was a transplantation of the semitendinosus alone. In only one case 
with total failure of the transplantation was this factor the sole cause of unsatisfactory 
rating; this was in a case in which the biceps alone had been transplanted. 


CONCLUSIONS 

On the basis of a follow-up study of 134 hamstring transplantations, the following 
conclusions are given: 

1. Hamstring substitution for residual quadriceps paralysis in poliomyelitis is a 
highly satisfactory operative procedure. 

2. Simultaneous transplantation of the biceps femoris and semitendinosus to tlie 
patella is a much more satisfactory reconstructive procedure and produces far better 
results than transplantation of the biceps alone. 

3. Certain principles governing selection of cases, operative technique, and post- 
operative care, as set forth in the original report of this series of cases, have been altered 
in accordance Avith the analysis of results. 
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DISCUSSION 


Dr. Theodore H. Vi.nke, Cixci.nn.ati, Ohio; I congratulate Dr. Schwartzmaun and Dr. Crego for the 
excellent presentation of their subject, and the analysis of their case.s. I agree entirely with their conditions. 
My discussion will be limited to other details which concern the transplantation of the hamstrings to tlie 
patella. In 1934, 1 studied this problem in its relation to kinetics; I referred to the work of Dr. R. ..chert) am 

Dr. Arthur Steindler. .... . ■ r i i.i. . 

It is noted that the hamstrings can fle.x the knee and can also c.xtend it, if the e.xlreimty i.s fixed an 
pelvis is free to move upward, causing the tibia to be pulled po.steriorly. The fact that the hamstring la., 
extensor action under certain conditions makes it suitable for traasplantation to the patella m ta-.e:, ol 

studies brmeans of a myokinesimeter, in 1934, showed tliat the period of eontraction of the hani- 
strings^is Ion- and overlaps the period of contraction of the quadriceps. Both fle.xors and e.xteiL-or, can .i 
SX'to exteM for t^ purpose of stabilization. T^e ^e ol two IpsUings > 

in Dr. Schwartzmann’s and Dr. Crego's paper to be the method of choice. It is iiidee ^a. • 1 t -U - .I | 

from both sides of the patella is mechanically desirable. The method of fixing a ^ .. .ml ‘m 

n-itelhi in order that the pull should be exerted in the vertical direction a.-, inuth .e, po.-.-ib! I • 

strength as the combined power of the ham-'tring>. 
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Contraction of the quadriceps tightens not only the tendinous insertion, pulling the patella upward, 
but also puts tension on the entire anterior reinforcing apparatus of the knee, and thus aids considerably in 
till* stabilization of this joint. The rectus femorus alone is not able to accomplish full extension under ordinary 
circumstances. When tlie knee is forcibly extended, the patella is drawn strongly upward by the quadriceps. 
In this extended position, the quadriceps muscles aid stabilization. The anterior capsule is too large and too 
loose to produce stability. 

The lateral ligaments of the kfice assist greatly in the stabilization of the joint, because the posterior 
part becomes taut when the knee is in complete extension. If the transplanted hamstrings can maintain ex- 
tonsion of the knee during certain pliases of gait, a satisfactory result is obtained, because stability* is acquired 
and braces can be discarded. 

The inner Iramstrings rotate the tibia inward, and outward rotation is produced by the extensor fascia. 
Rotar>’ motion necessarily follows extension and flexion of the knee. 

The transplanted muscles can bo made to perform a new function wdthoul too much difficulty. The 
problem of re-education is often not much more difficult than muscle t raining after other operative procedures 
about the knee. The han^tring muscles arc long, because they must accommodate a large range of motion 
about the knee. For this reason, they are suitable for transplantation to the patella, for here, also, a long 
range of motion is required. The individual muscle fiber is able to contract only from one-fourth to one-half 
of its length in the relaxed position. This is sufficient to extend the knee, if the point of application of force 
is near the joint. 

The importance of maximum power in various muscle groups about the hip and knee, as a prerequisite 
to selection of cases for hamstring transplantation, ha.s been stressed. Although this is desirable, it is not 
essential. 

It is also important that sufficient muscle power be present about the foot and ankle. In cases of muscle 
weakness in this region, reconstructive surgery of the foot makes it possible for the transplanted hamstrings 
to function more efficiently. 

The most favorable results of forward transplantation of both hamslrings, in cases of weak or paralyzed 
quadriceps, are obtained if the hip and foot are sufficiently stable. 


Db. Fbedeiuck J. Fischer, Detroit, MicaiCAx: The authors liave again emphasized the criteria for 
selt'ction of cases, the operative procedure, and the postoperative management which are so important and 
which must be adhered to, if a satisfactory result is to be obtained. The objective of the procedure is the 
('llmiuatiou of a brace. 

A series of twenty-eight cases of hamstring-tendon transfer, in which operations were performed at the 
Detroit Orthopaedic Clinic and the Cliildron's Hospital of Michigan, were reviewed for study. The average 
ago of these patients at the time of review was twenty years; the average follow-up period was nine years, the 
minimum foHow-up period, throe and one-half years. 

Of the Iwcuty-cight cases, twenty-three represented biceps transfers alone, three represented inner- 
hamstring transfers alone, and two were combined transfers of biceps and semitendinosus tendons. Of the 
biceps transfers, all but two could be considered satisfactory, as judged by the criteria established by the 
aut hors of this paper. 

Uecuvvatum of some degree was present in seven or 25 per cent, of the cases. In one case this complica- 
tion, plus lateral instability, made for an unsatisfactory result. The patient was quite obese, and this was 
thought to be a major cause in the production of the deformity. One patient had a slight recur\mtura prior 
to surgeiy, winch increased. Of the remaining five, three had good to normal muscle capacity in the 
gastrocncimus. 

i\a regards lateral dislocation or subluxation of the patella, the results were less discouraging than in the 
authors’ series. One patient demonstrated a slight subluxation in the initial 15 degrees of extension, and 
another patient in the final 15 degrees of exten^on. The former seemed to be due to an uncorrected valgus 
deformity of 7 degrees, and the latter to an undesirable obliquity of puH of the transplant. In neither case was 
(his complication severe enough to warrant an additional inner-hamstring transfer for correction. 

One of the poor results was duo to complete failure of the transplant to contract. 

All five patients with iimer-liamstriug transfers alone, orcombine<l bicejw and inner-lianisLring transfers 
eventually had satisfactorj' results. ' 

In none o! the cases could an appreciable rccoverj- in tlie quadriceps femoris be delected, following 
hamslnng-temlon transfer. ^ 

Although a re^dew of our results in an admittedly smaU series of cases doe-s not emphasize btcral dis- 
lociiUon of the patella a frequent complication of biceps transfer alone, in light of the authors' cxpcrienco 
with a much larger senes of casi's, wo believe lliat the combined transfer should eliminate tliis liazarti We 
entluwasUcally support liamslring-tendon transfer as an excellent surgical procedure. 


Du. J U. SemvAUTZMAXS (closing); Tha-e days ago I hcsitaUnl even lo read tius paper, since appartmlly 
iio other dime has encountered the problem of lateral dL=placcincat of the patella following tliis tnuLq,lanta- 

{Continufd on page ooO) 
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TABLE III 

iN-riDENTE OF COMPLIC^TTOXS FoLLOVTEXG TrAXSPLAXTATIOV 


Recurvatiim 


Lateral Disloca- Lateral lasta- Complete Failure 
tion of Patella bility of Ivnee of Transplant 


s transplant alone 16 (16%) 

3 and seniitendinosus transplants 7 (23%} 

-endinosus transplant alone 0 


29 (29%) 
0 
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5 (5%) 
1 ( 3 %) 
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1 (3%) 
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Fig 1 

Transplantation of somifeiidinosus and biceps tendons to patella 


semitcnclinosus simultaneously, the additional procedure of detaching the seniitenduio'u- 
f om its insertion in the upper portion of the tibia, and drawing the tendon out through 
an incision over the musculotendinous juncture of the semitendino-u^ on the pn-ternmedial 
aspect of the thigh, is carried out. The fascia of the muscle i- split longitudinally tovani 
its origin, sufficiently to allow the tendon to be threaded forward, throimh an oblique 
subcutaneous tunnel, toward the patella Care must be taken that the ttinnel i' direct; d 
in a gradually oblique direction tow aril the patella, and that the fa-eia of the mii-ele i- 
opened sufficiently to allow the muscle a gradual obliipie jiull on the patella, ^inee a 'harp 


•OL.ac-K. .VO 3 jri.Y mis 



FRACTURES OF THE TALUS 


BY MAJOR BARNARD KLEIGER 
Medical Corps, Army of the United States 


It is generalb' known that the end results of fractures of the talus have often been bad. 
In the past these fractures have been infrequent, and the reported series of Schrock, 
McKecver, Jliller and Baker, Boyd and Knight, Lipscomb and Ghormley, Shands, 
Wilson, and others have not been large; only a few of their patients had fresh fractures, 
^ treated immediately after injury. The recent War increased exposure to trauma in in- 
dustrial and military life and increased the frequency of all fractures, including those of 
the talus. Fortunately, the military medical organization permitted immediate clinical 
and roentgenographic examination and treatment of the injured. We are, therefore, able 
to present twenty-nine cases of fresh fracture of the talus, for which treatment was started 
soon after the iniurJ^ The end results of several old injuries are used for illustration. 

The anatomy of the talus is too well known to warrant complete discussion at this 
time. Its position in the line of weight-bearing and its many articular surfaces indicate 
clearly that any deformity of the bone will cause serious disability in the ankle. 

Osseous repair following fracture of the talus is made more precarious by the relative 
paucity of its blood supply. In this respect, it resembles the head of the femur and the 
carpal navicular. According to McKeever, the entire arterial supply is from a small 
articular branch of the dorsalis pedis artery, which enters the lateral aspect of the neck 
of the talus. This may be the largest and most important of the arteries, but our own 
observations agree with those of Sneed and Watson-Jones that smaller nutrient vessels 
help supply the talus through its many and widespread ligamentous attachments. In this 
scries, aseptic necrosis appeared only when the fractured body was dislocated posterior 
^ to the tibia, thereby tearing most of its ligamentous attachments. As revascularization 
'progressed, the normal bone density returned, extending posteriorly from the fracture line 
and anteriorly from the posterior tubercle of the talus (Fig. 1-A). This left a triangular 
wedge of dense bone in the center of the body. As the bone healed, this wedge gradually 
narrowed (Fig. 1-B). In an unusual ease, the head and neck fragment was displaced and 
rotated from its normal position. The fragment was replaced and it healed, but subse- 
<iucntly a large zone of aseptic necrosis involved the fracture site, the distal portion of the 
neck and head, and, to a lesser extent, the body of the talus (Figs. 2-A and 2-B). This also 
indicated that circulation entered through both fragments. Furthermore, it blood were to 
enter the talus only through the neck, then the small fragment of the posterior tubercle 
would invariably become necrotic when fractured. This has not been true in the present 
series (Fig. 3). ^ " 


Of the twenty-nine fresh fractures of the talus, eleven were simple linear fractures 
through the body, close to its juncture with the neck (Fig. d), Mo,st of these were incurred 
by soldiers, landing from parachute jumps, when the foot was sharply dorsiflexed bv fb 
force of landing on the fore part of the foot, with or without additional inversion 
fractures were treated by simple immobilization in a plaster boot. IVeight-bearinc was 
forbidden for tour weeks. Then the plaster was removed and a roentgenogram was tnl 
0 detornnne whether or not aseptic necrosis had appeared. If it had not appeared a 
tight walking plaster was applied for another four weeks, by which time note ' ^ 

Plcte. The results in these cases were almost uniformly good^^ In U pat ^dT' “v' 
necrosis develop, and there were few residual clinical .svmptoms Manr of h “fi- 
eventually returned to parachute jumping, and all who had uncomXlte,! ? 
turned to duty. Two eases were complicated by additional fractures anil fe- 

nof quite so good as in the others. One soldier had a fracture of ’ri • 
region of the femur and a chip fracture of the distal end of the n *1 "‘'®''‘™'^'>»ideric 

iw. nouia, on tlic same ex- 
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Cause of Failure 

Length of 
Follow-up 

Xo. of 


(Years) 

Cases 

implete lateral displacement of patella, preventing active e.xtension 

22 

1 

ilure of patient to cooperate in postoperative physiotherapy 

6 

1 

lor power in transplanted muscles 

22 ; 

2 

0 apparent reason 

6 

0 


11 



atients have had satisfactory results. In none of these patients has recuiratum dc- 
eloped, and it is now beheved that postoperative braces may favor rather than prevent 
he development of recurvatiim. 

COMPLICATION'S AND CAUSES OF FAILURE 

Factors causing failure of the operative procedures (Table III) were: 

1. Lateral displacement of the patella; 

2. Recurvatum, disabling in degree, requiring a brace after operation; 

3. Total failure of the transplant to function; 

4. Instability of the knee, — disabling and requiring a brace after operation. 

Formerly, genu recurvatum was described as being the most frequent cause of failure 

of the operative procedure. After a longer period of observation, it has been found that 
lateral dislocation of the patella is a more common cause. This complication has not ap- 
peared in any of those cases in which both biceps and semitendinosus were transplanted, 
and it is for this reason that transplantation of the biceps femoris alone has been discon- 
tinued. In five cases, recun-atum was the sole cause of unsatisfactory results. Three of 
these were cases of biceps transplantation alone; two included the biceps and semitendi- 
nosus. In these cases, recurvatum was sufficiently severe to require that a protective brace 
be continued permanently. 

An analvsis of preoperative muscle power in tho^e cases in which recuiAatum de- 
veloped (Table V), as compared with the muscle power in the cases ha^-ing excellent results 
after biceps transplantation and after biceps and semitendinosus transplantation (Table 
II), indicates only one factor of significance, and that is in the preoperative power in the 
calf group. Those patients with recurvatum had poor or less power in the calf muscles in 
both operative groups in a significantly greater proportion than did the patients with 

excellent results in those groups (Table H ). 

The common factor in all cases in which recurvatum developed is the removal of the 
major portion of the muscle mass which supports the knee joint postcriorh and which. In 
virtue of its action, aids in the prevention of the back-knee deformity. The \er\ nature 
of the procedure requires that this factor be introduced; since only five cases, or about t 
per cent., were failures because of recurvatum alone, and since only twentj -three, or 
II per cent., of all cases had some degree of recurvatum. the authors do not lon.-idcr t li- 
factor to be a contra-indication to the surgical procedure. 

If the other factors contributina to recurvatum -namely, equinus deformity ol the 
foot, postoperative hvperextension ot the knee in plaster, and po?toperati\e bnict? .in 
avoided, if care is taken to select tho.-e with adequate power in the gastrocnemius, ami il 
postoperative physiotherapy is diligent !> practised, the removal of the supporting mu-de 
mass from behind the knee at operation i- le.^s likely to produce the deformit.i . 
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Recurvatum, then, results from the combination of factors just mentioned, and the 
authors believe that the development of recurvatum will be kept to a minimum if the 
following conditions exist; 

1. Fair or better power is present in the gastrocnemius; 

2. Postoperative hj’^perextension of tlic knee in plaster is avoided; 

3. Equinus deformity is corrected before weight-bearing is begun postoperatively; 

4. Postoperative braces which will throw the knee into recurvatum are avoided; 

5. Diligent postoperative jdiysiotherajjy, to jjromotc active flexion of the knee, is 
carried out. 

Total failure of the transplant, to function occurred in six cases (Table VI). Four of 
these were biceps transplantations alone, one was a biceps and semitendinosus trans- 
plantation, and one was a transplantation of the .semitendinosus alone. In only one case 
with total failure of the transplantation was this factor the sole cause of unsatisfactory 
rating; this was in a case in which the biceps alone had been transplanted. 

CONCLUSIONS 

On the basis of a follow-up study of 134 hamstring transplantations, the following 
conclusions are given: 

1. Hamstring substitution for residual quadriceps paraly.sis in poliom 3 ’'elitis is a 
highly satisfactoiy operative procedure. 

2. Simultaneous transplantation of the biceps femoius and semitendinosus to the 
patella is a much more satisfactoiy reconstructive procedure and produces far better 
results than transplantation of the biceps alone. 

3. Certain principles governing selection of cases, operative technique, and post- 
operative care, as set forth in the original report of this series of cases, have been altered 
in accordance with the analj'^sis of results. 
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DISCUSSION 

Dr. Theodore H. Vinke, Cincinnati, Ohio: I congratulate Dr. Schwartzmann and Dr. Crego for the 
e.Ncellent presentation of their subject, and the analysis of their cases. I agree entirely with their conclusions. 
My discussion will be limited to other details which concern the transplantation of the hamstrings to the 
patella. In 1934, 1 studied this problem in its relation to kinetics; I referred to the work of Dr. R. Scherb and 
Dr. Arthur Steindler. 

It is noted that the hamstrings can fle.x the knee and can also e.xtend it, if the e.xtremity is fixed and the 
pelvis is free to move upward, causing the tibia to be pulled posteriorly. The fact that the hamstring has 
extensor action under certain conditions makes it suitable for transplantation to the patella in cases of 
quadi’iccps paralysis. 

My studies by means of a myokinesimeter, in 1934, showed that the period of contraction of the ham- 
strings is long, and overlaps the period of contraction of the quadriceps. Both flexors and extensors can act 
together to a certain extent for the purpose of stabilization. The use of two hamstrings is shown statistically 
in Dr. Schwartzmann’s and Dr. Crego’s paper to be the method of choice. It is indeed rational that a pull 
from both sides of the patella is mechanically desirable. The method of fi.xing a tendon to the center of the 
patella, in order that the pull should be exerted in the vertical direction as much as possible, is important 
not only to prevent dislocation, but also to obtain the most effective action for the production of extension. 
Even if one muscle transplant is stronger than the other, one will act as a “guide wire” in preventing dis- 
location, and will also aid in producing mu.scle pull in the proper direction. This is particularly true in cases 
of valgus of the knee, when the patella tends to be displaced laterally. Transjilanting two hamstrings is also 
important, in that as much power as possible is transferred anteriorly in order to make up for the paralj'sis 
of the quadriceps, particularly in view of the fact that the quadriceps muscles have three times as much 
strength as the combined power of the hamstrings. 
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I'.iiitnu-tinn cif the qiindriri'P' (icIiU-ii- not .mlv tin- tcndinou-- incfrtion, pulling the patella uptvard, 

Init :iKo put-: ten-ion on Hire anterior reinforeing apparatus of the knee, and thus aids considerably in 

the-tabiliration of thi- joint The reetu- fenioni- ahnie i- not able to accoinpli'h full ex'tension under ordinan,' 
rin-iini-tanre-. When the knee i- fnrriblv e\tenileil. tli.' patella is drawn strongly upward by the quadrieep-. 
In thi- e\teniii'd ixi-ition. the quadnre[)- niu-ele- aid -labihration. The anterior cap-ule is too large and too 
loo-H' to produce -lability. 

The latenvl licanient- of the knee a— i-t greatb in the -tabilization of the joint, because the posterior 
[i.irl IxTome- taut when the ktus' i- in complete eMeii-ion If the transplanted hamstrings can maintam ex- 
ti-ii'ion of the kni'e during certain pha-- of g.iil. a -ali-factorj- re-ult is obtained, because stability is acquired 
and brace- ran bi' di-carded 

The inner hani-tring- rotate the tibia iiiuard. and outnard rotation is produced by the e.vten.sor fascia 
liolary motion nece— arily follou- e\len-ion and (le\ion of the knee. 

The transplanted mil-cle- can be m.ide to perforin a new function without too much difficulty The 
problem of nM'ducalion i- often not much more difficult than muscle training after other operative procedures 
alxiiit the kiuv. The ham-tring mu-ele- are long, bccaii-e they must accommodate a large range of motion 
alxiut the kmv. For this rea-on, they are suitable for transplantation to the patella, for here, also, a long 
range of motion is required. The indindiial mu-cle fiber is able to contract only from one-fourth to one-half 
of its length in the n‘la\ed iio-ition. This is -ufTicicnt to evtend the knee, if the point of application of force 
i- near the joint. 

The importance of maximum power in various muscle groups about the hip and knee, as a prerequisite 
to .selection of ca.ses for ham-tring transplantation, ha.s been stressed. Although this is desirable, it is not 
cs-i-ntial. 

It is also important that sufficient muscle power be present about the foot and ankle. In cases of muscle 
weakne.— in this region, reconstructive surgery of the foot makes it pos.sible for the transplanted ham.=trings 
to function more efficiently. 

The most favorable results of fonvard transplantation of both hamstrings, in cases of weak orparal.vzed 
quadriceps, arc obtained if the hip and foot are sufficiently stable. 

Dr. Frederick J. Fi-cher, Detroit, Michigoc: The authors have again emphasized the criteria for 
selection of cases, the operative procedure, and the postoperative management which are so important and 
which must be adhered to, if a satisfactoiy result is to be obtained. The objective of the procedure is the 
elimination of a brace. 

A series of twenty-eight cases of hamstring-tendon transfer, in which operations were performed at the 
Detroit Orthopaedic Clinic and the Children’s Hospital of Michigan, were rerfewed for .study. The average 
age of these patients at the time of rerfew was twenty years: the average follow-up period was nine years, the 
minimum follow-up period, three and one-half years. 

Of the twenty-eight cases, twenty-three represented biceps transfers alone, three represented inner- 
hamstring transfers alone, and two were combined transfers of biceps and semitendinosus tendons. Of the 
biceps transfers, all but two could be considered satisfactoiy, as judged by the criteria established by the 
authors of this paper. 

Recurvatum of some degree wa.s present in seven or 25 per cent, of the cases. In one case this complica- 
tion, plus lateral instability, made for an unsatisfactory result. The patient wa= quite obese, and this was 
thought to be a major cause in the production of the deformity. One patient had a slight recuiwatum prior 
to surgert', which increased. Of the remaining five, three had good to normal muscle capacity- in the 
gastrocnemius. 

.As regards lateral dislocation or .“ubluxation of the patella, the results were less discouraging than in the 
authors’ series. One patient demonstrated a slight sublu.xation in the initial 15 degrees of exteurion, and 
another patient in the final 15 degrees of extension. The former seemed to be due to an uncorrected valgus 
deformitt' of 7 degrees, and the latter to an undesirable obliquity of pull of the transplant. In neither CH'C was 
this complication severe enough to warrant an additional inner-hamstring transfer for correction. 

One of the poor results was due to complete failure of the transplant to contract. 

.All five patients tvith inner-ham-tring transfers alone, or combined biceps and inner-hamnring transfers, 
eventually had satisfactorj- results. 

In none of the cases could an appreciable rccoveiy in the quadriceps femoris be detected, foUonine 
hamstring-tendon transfer. 

.Although a review of our results in an admittedly small series of cases does not empharize lateral dis- 
location of the patella as a frequent complication of biceps transfer alone, in light of the authors’ experience 
ivith a much larger series of eases, we believe that the combined transfer should eliminate this hazard. VTe 
enthusiastically support hamstring-tendon transfer as an excellent surgical procedure. 

Dk. J. R. ScHtVARTZ.tL\NN (closing) : Three davs ago I hesitated even to read this paper, since apparently 
no other clinic has encountered the problem of lateral displacement of the patella following this transplanta- 

(Continued on page dS9) 
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As far as can be ascertained, tlie first genuine resection of the iiip joint was performed 
bj'^ an Englishman, Anthonj’’ White, in 1821. In 1874, a Danish practitioner, Ludvig Jacob- 
sen, reviewed in a thesis 250 cases of hip-joint resection, many of which were for tubercu- 
losis; 104 patients Avere cured, AAdiile 146 died. This comprised all the cases of hip-joint 
resection published up to that date. Dr. Jacobsen e.xplained these poor results mainly 
b}’’ stating that the operations had been performed at too late a stage. 

The author has been unable to obtain any detailed reports of similar operations, AA'hich 
undoubtedly must have been performed in the decades that folloAved. Since the 1920’s, 
more conservative methods have been tried, such as extra-articular operations, which in 
some instances haAm been combined AA-ith intra-ai-ticular arthrodesis. There are three main 
reasons AA'hy intra-articular fusion in tuberculosis has lost favor: (1) the high mortalit3f 
rates mentioned in earlier publications, (2) the risk of dissemination of the tuberculous 
process, and (3) the difficulty of establishing continuity for fusion betAA-een the head of 
the femur and the acetabulum. All cases of co.xitis naturall.y cannot be treated bj’’ radical 
operation, but the indications could undoubtedlj’’ be made A\dder than thej’’ have previ- 
ously been, Avithout anj'- detriment to the results. 

TABLE I 


NuArsEH OF Patients Treated ba' Operation 


Year 

Males 

Females 

1 

Total 

1 

Resection 

Extm- 

Articular 

Fixation 

Resection 
plus Extra- | 
Articular 1 

Fixation 

Resection 

Extra- 

Articular 

Fixation 

Resection 
plus Extra- 
Articular 
Fixation 

1929 

1 



1 



1 

]930 

1 






1 

1931 



1 1 

1 



2 

1932 

4 

1 


5 

3 

1 

14 

1933 

6 

3 

3 


2 

4 

18 

1934 

2 

2 

1 

4 

2 

1 

11 

1935 

4 



4 


1 

9 

1936 

6 

1 


3 

3 


13 

1937 

5 

1 


1 



7 

1938 

3 



' 3 

2 


8 

1939 

11 

1 


1 

1 


14 

1940 

1 

1 


4 



6 

1941 

} 



3 



7 

1942 

7 



2 



9 

1943 

2 



3 

1 


6 

1944 

7 



4 



11 

Totals 

63 

10 

5 

39 

14 

6 

137 


. o 
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TABI.E 

ri 




Aoe .\t Time oi 

Operation 




Male.- 

Female- 



Ape Group 

Itesi-elioii Ite-eetioii 

Itc-ieetion 

l{e.'Cetion 

Total 

()Vtir.c\ 

plu- Extni- 


plu.s E.vtra- 



; Articular 


Articular 



, Fi.vation 


Fi.vation 


7 


1 


1 

10 to 15 

3 1 

2 


6 

10 to 20 

7 I 

10 

2 

20 

21 to 25 

21 1 

s 

1 

34 

20 to 30 

10 

.5 

2 

17 

31 to 35 

!) 1 

2 


12 

30 to 10 

o 

4 

1 

10 

11 to -15 

2 1 

4 


7 

■10 to 50 

2 



2 

51 to 55 

1 

2 


3 

oG to GO 


1 


1 

TotaL 

03 5 

39 

0 

113 


GENERAL SURVEY 

OF MATERIAL 



The end results are presented in 1 13 cases of the so-called radical operation, doneat our 

Hospital during the years from 1929 through 

1944. These 113 cases represent 82.5 per 


TABLE III 

Xi'MnEn OK Hospital Admissions before Operation 


Year of 
Operation 





Hospital Period 






I 

II 


III 



IV 


Total 

M. 

F. 

M. 

F. 

M. 

F. 

M. 

F. 

M. 

F. 

1929 


1 








1 

1930 

1 









1 

1931 


1 ' 



1 





2 

1932 

1 

2 

2 

4 



1 



10 

1933 

' 6 

3 

2 


1 



1 


13 

1934 

‘ 2 

2 . 

1 

2 






7 

1935 

, 3 

4 

1 

1 






9 

1936 

o 

2 

1 1 







1 9 

1937 

5 

1 

1 







0 

1938 

3 

3 

1 

1 







6 

1939 

9 

1 

! 1 


1 





12 

1940 

1 

4 



1 





5 

1941 

4 

2 


1 






7 

1942 

6 

1 

1 





1 


9 

1943 

1 

3 

, 1 







5 

1944 

. 3 

3 

j 2 

1 

2 





II 

Totals 

50 

1 

33 

1 12 

!) 

o 

0 

1 

2 

0 

I II3 


M. = Males 
F. = Females 
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TABI.E IV 


Associated Lesions Involving Other Parts of the Body in Forta' 

-THREE PaTIENT.S 


Diagnosis 

Males 

Females 

Total 

Pulmonary tuberculosis 

0 

10 

16 

Tuberculous lymphoma 


1 

1 

Renal tuberculosis 

2 

1 

3 

Tuberculous eiiididymitis 

2 


2 

Tuberculous peritonitis 

2 

1 

3 

Tuberculous spondylitis 

6 

4 

10 

Tuberculous osteitis of the troclianter 

8 

1 

9 

Costal tuberculosis 

1 


1 

Tuberculosis of the elbow 


2 

2 

Tuberculosis of the shoulder 

2 


2 

Tuberculosis of the knee 

2 


2 

Tuberculosis of the sacro-iliac joint 

1 

3 

4 

Tarsal tuberculosis 

1 


1 

Tuberculosis of the ischium 

1 


1 

Totals 

34 

23 

57 


cent, of the total number of operations on the hip joint. The remaining 17.5 per cent 
of the patients operated upon represent extra-articular fusion alone or extra-articula 
fusion as a reinforcing operation for resection (Table I). The total of 137 patients operate( 

TABLE V 

Clinical and Roentgenogiiapiiio Findings at Discharge 


Group 

i 

Clinical Findings 

Roentgenographic Findings 

Total 

Ankylosis 

No Ankylosis 

1 

Fusion of 

Joint 

No Fusion 

I: Males 

1 

20 

1 

13 

5 

34 

39 

Females 

16 

10 1 

1 

25 

26 

II: Males 

1 

11 


12 

12 

Females 

1 

5 i 


6 

6 

III: Males 


3 


3 

3 

Females 

3 

2 


5 

5 

IV: Males 

2 

3 

2 

3 

5 

Females 

3 

3 


6 

6 

V: Males 






Females 

1 



1 

I 1 

Totals 






Males 

29 

30 

7 

52 

59 

Females 

24 

20 

1 

43 

44 

Grand total 

53 

50 

8 

95 

103 


Group - I : Small defects in head and neck of femur and in acetabulum. Good contact between the le.sectci 
surfaces is possible. 

Group II: Large defects in head and neck and in acetabulum. Defective contact between the re.secfot 
surfaces. 

Group III: Cases where the tip of the trochanter was placed in the acetabulum to .serve as a lateral supi)0''f 
Group IV: Cases whore resection and extra-articular fi.xation were done in one operation. 

Grouj) I’: Cases where extra-articular fi.xation was done later (but before the first discharge from tht 
Hospital). 
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Fig. 1-A Fig. 1-B Fig. 1-C 


Fic. l-.V. Mar. -lO, 19F5. Hot ntponopram of a girl, fourteen jcar« of age. 
Fig. I-B; Si\ niorilh' later (Sept. 2S, 194.3). 

Fig. l-C Tuoyear- latiT (.Mar. 10, 194.5). 



Fig. 2-.\ Fig. 2-B Fig. 2-C 


Fig 2-.-^: Roentgenogram, taken .A.ug. S, 193-3, of a bov, seventeen years old. 

Fig. 2-B; Operation a as performed on Oct. 26, 1934. Roentgenogram shovrs hip three months after 
operation fFeb. 6, 19.34). 

Fig 2-C: Xine years and eleven months after operation (sept. 13, 1943). 



Fig. 3--A. Fig. 3-B Fig. .3-C 

Fig. 3-.\; Preoperative roentgenogram, taken Feb. 13, 1936, of a man, twenty-two years old. Opera- 
tion was performed the next daj". _ 

Fig. .3-B: Two montlis after operation (.4pr. 17, 1936). 

Fig. 3-C: Seven years and seven months after operation (Sept. 6, 1943). 
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upon represent 15.6 per cent, of 879 cases of tuberculosis of llic hip, treated from 1929 
to 1944, inclusive. Table II shows the cases divided according to age at the time of op- 
eration. 

The mean time in the Hospital before the operation was eleven months for males 
and thirteen months for females. Seventy-three per cent, of the patients operated upon 
had their operations during the first hospital period (Table III). Those who were oper- 
ated upon during subsequent hospital admissions were those who had either not been 
cured during their first stay or had had recurrences. A few were subsequently operated 
upon for malposition of the hip. The di.sease had been present in some cases for as long as 
one year before the first admission to the Hospital. In seventy patients, the hip joint 
was the only seat of the luberculous pi’ocess. 



Fig. 4-A Fig. 4-B Fig. 4-C 

Fig. 4-A: Right hip of a man, twenty-eight 3 ’’eais old. Roentgenogram taken Aug. 26, 19.36, one week 
before opeiation. 

Fig. 4-B: Two months after opeiation (Oct. 27, 1936). 

Fig. 4-C: Roentgenogram taken Sept. 11, 1943, seven yeais after opeiation. 



Fig. 5-A Fig. 5-B Fig. .5-C 

Fig. .5-A: Preopeiative roentgenogram of hip, taken June 30, 1939. The patient was a man, twent}'- 
four vc.ars old. 

Fig. .1-B: Shows appearance of hip on Sept. 12, 19.39, one month after operation. 

Fig. a-C: Foui ycai'. after operation (Sept. 8, 1943). 
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I'lc,. &-.V I'lo. 6-B Fig. 6-C 

Vip. Rm'ntponnpraro, laUwi Oct. tls, 1042, -how -- hip of a man, twenty-two year= old. Operation 
wa- iKTroriiKHl nine d.iv- Inter. 

Tip. G-H: Tour niontii« after operation (Mar 1.5, 191 5i 

Ftp. C-C: Two \ear- and ten months after operation (.tug -30, 194.5;. 

Table H' .■jhow.^ the di-tribution of a«^ociatcd Ict^ions in the lemaining forty-three. In 
!i number of ca«e.«, .'•everal parts tvere involved at once. 

DUGN'OSI.S 

Tlie diagnosis of tuberculosis of the hip may be regarded as estabUshed in all of these 
ca«e.-«. In SI. 4 per cent, of tlie cases, the diagnosi.® was verified by histological e.N'amination. 
guinea-pig inoculation, or culture evidence. The remaining twenty-one patients displayed, 
at operation, lesions in the form of small abscesses, patches of cheesy necrosis, or granu- 
lation tissue of typical tuberculous appearance. In half of the patients, a limp was re- 
ported. Tw'cnti'-eight had abscesses on admission and nineteen displayed fistulae. Roent- 
genographically. all but eight showed advanced decalcification. All showed a joint space 
which was narrowed, absent, or destroyed. In fiftj'-three cases, sequestra were fusible; 
six had subluxations and four showed frank dislocation. 

Diagnosis at an earh' stage is not always easy, and the characteristic that should be 
especially stressed is the insidious nature of the disease. 



Fig. 7-A Fig. 7-B Fig. 7-C 


Fig. 7-A: Roentgenogram, taken Mar. 11, 1944, shows hip of a man, twenty-four years of age. 

Fig. 7-B: Operation was earned out on .A.pr. 5, 1944. Shows appearance of hip on Juh- 11, 1944, 
three months later. 

Fig 7-C: One year and two months after operation (June IS, 194.5). 
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TABLE VI 

RoENTGKNOGn.Vl'IIIC FINDINGS IN NiNETY-NINE PatIENTS* 


Group 

Patients Examined 
at Follow-ui) 

1 

Patients Who Replied 
to Questionnaire and 

Sent Roentgenograms 

Patients not 

Followed 

(Findings at Discharge) 

Fusion 

No Fusion 

Fusion 

No Fusion 

Fusion 

No Fusion 

I ; Males 

14 

7 

7 

S 

2 

1 

Females 

11 

G 

3 

2 


1 

11 : Males 

2 

5 

1 

2 


1 

Females 

1 

2 





III: Males 

2 

1 





Femalc.s 

4 

1 





IV: Males 

3 



1 



Females 

5 

1 





V : Males 







Females 


1 

1 




VI .-Males 


1 





Females 

2 






Totals 


1 





Males 

21 

14 

8 

11 

2 

2 

Females 

23 

11 

4 

2 


1 

Grand total 

44 

25 

12 

13 

2 

3 


* Cases are divided into groups, as in Table V. Group VI lias been added, and includes those patients 
operated upon at a later hospital period, an extra-articular fixation being then done. These cases have been 
included in other groups in previous tables. 


OPERATION 

The vast majoritj'' of these patients were operated upon by the technique described 
by Lecene, with modifications introduced by Robert Hanson. The incision is made im- 
mediatelj'" distal to the iliac crest, to the anterior superior iliac spine, thence donm the 
thigh. The tensor and glutaei are loosened extraperiostealljL The latter measure is adopted 
in order that there may be no risk of jeopardizing the nutrition of the bones after the 
operation by the periosteum not bung flat against the ilium. The capsule is incised, and 
the head of the femur is dislocated out of the acetabulum bj'’ external rotation and flexion 
of the thigh. In some cases it is necessary to resect the outer borders of the acetabulum 
to dislocate the head, and the dislocation can be further facilitated bj’’ the use of a strong, 
round, bowl-shaped scoop which is inserted between the joint surfaces. All capsular tissue 
should be thoroughly removed with the knife. Fistular passages should be excised and 
abscesses curetted, if their walls cannot be excised. Sequestra and tuberculous debris 
are cleared away thoroughly until healthy bone is reached. After cauterization with 
phenol and alcohol, the head is replaced in its normal position. The muscle, fascia, and 
skin are carefullj^ sutured. A plaster spica is then applied, including both thighs, Avith 
the leg which has been operated upon in a position of 5 to 10 degrees of abduction, about 
15 degrees of flexion, and a few degrees of external rotation. 

In the early years, inhalation anaesthesia was used, but recentb'' spinal anaesthesia 
has been the more common method. Before the operation 1,000 milliliters of tutofusin 
(Ringer’s solution) is given intravenousbq in order to lessen the shock. 

When the operation was performed in the manner described, no serious shock arose in 
those eases in which the indications for the operation had been correctly appraised. Care 
must be exercised to prevent the diseased member from becoming adducted Avhen the 
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Fig. S-.V Fig. S-B Fig. S-C 

Fip. S-.\; Prooiicrative rocntuciiopram, taken .Vpr. 1.5, 1943, .^hon-s hip of a boy, .seventeen years old. 
The operation w.as performed four weeks later. 

Fie. S-B: Tlirce and oni'-Iialf month.s after operation f.\ue. 24, 1943). 

Fip. S-C: Two years and three month.' after operation t.Vug. 29, 194.5). 


patient is placed on liis side for the administration of .spinal anaesthesia. Fracture occurred 
in six cases as the result of lack of caution in this respect. WTiere massive destniction of 
the head and neck of the femur had occurred, it was necessarj- to transplant the trochanter 
into the acetabulum: and in eleven other ca.«es an extra-articular arthrodesis was done in 
conjunction with the intra-articular resection. 

Ohservalions during Operation 

In si.xtj'-three cases an abscess was obseiwed, usually under the tensor fasciae latae, in 
most cases the result of a rupture of the joint capsule. The joint capsule was thickened, 
sometimes up to one centimeter, in ninetj-one cases. In no patient was the articular 
cartilage absolutely intact ; sequestra were removed from the acetabula in fifty cases and 
from the head and neck of the femur in twenty-six cases. Perforation from the acetabulum 
to the pehds had occurred in thirtj'-four cases (30 per cent.) and resulted in absce.sses of 
varying sizes, all of which were evacuated. 

Subsequent Course 

The majority of patients survived the surgical inteiwention without serious complica- 
tion. In six cases surgical shock developed, but the patient rapidh' recovered after the ad- 
ministration of tutofusin and stimulants. In no case was a blood transfusion used. The 
wound healed by first intention in sixty-four patients. In twentj'-two patients, fistulae 
developed which persisted to the time of discharge from the Hospital. In eighty eases 
the temperature dropped to normal within twelve days after operation. The sedimentation 
rate bv the Fahraeus-Westergren method increased directly after the operation in about 
half of the patients and then returned to normal. 

Five patients (4.4 per cent.) died during the three months immediateh- following the 
operation. Two of the deaths we’-e the result of tuberculous meningitis*, one of .staphy- 
lococcic septicaemia, and two resulted from undetermined cau.'es (other than debility 
from prolonged sepsis). 

The duration of the postoperative care averaged six months and ranged up to four 
years and eight months. The plan of care has been somewhat more conseiwative in the 
latter j'ears and, in general, the patients are kept in plaster in bed for three months, with 

* One had tuberculous spondylitis and in the other scarlatina developed after the operation. 
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the diseased member having freedom of knee motion after four weeks. After three months, 
when the plaster is changed, roentgenograpliic examination is made; in the majority of 
cases, it is possible to see tliat calcification is increasing witliout advance in the tubercu- 
lous process. A new cast is then applied, encasing only the affected side to the knee, to 

• • • r' * ' 

allow the patient to practise walking with the help of crutches. 

The point of chief intei'est in connection with the discharge of the patients is rvhether 
ank3dosis of the hip joint has been achieved. The patients operated upon have been divided 
into groups, to facilitate the evaluation of the various methods of operation. Table V shows 
the number of patients with and without ankjdosis at the time of discharge from the 
Hospital. 

Of the 113 patients operated upon, five deaths were classed as postoperative and 
three deaths subsequent!}'’ followed, — one at fourteen months after operation from 
nephrosis, the second nineteen months after operation from tuberculous peritonitis, and 
the third thirty months after operation from miliary tuberculosis. Death occurred in two 
other patients after re-admission. Of the 103 remaining patients who were discharged, 
fifty-three showed ankylosis clinically, but only eight of these showed fusion by roentgen- 
ographic examination. The patients were all walking, with weight-bearing on the affected 
side, when they left the Hospital, and onl}'’ a few elderly patients required a cane. 

There was an average of 3.5 centimetei-s of real shortening and 3 centimeters of ap- 
parent shortening on the affected side. The patients who showed clinical ankylosis had 
15 to 20 degrees of flexion, 0 to 20 degrees of abduction (five had adduction of 5 to 20 
degrees), and external rotation of 5 to 45 degrees. None of them were complaining of undue 
pain, and all were satisfied with their results. 

Re-Admissions 

At varying periods following dischai’ge, eighteen patients returned to the Hospital. 
Ten returned because of the appearance of fistulae; two had active tuberculosis elsewhere 
in the body; three required extra-articular fusion; and three required subtrochanteric 
osteotomies. Death occurred in two of the re-admitted cases. 

Result of Follow-up Investigation 

During the interval between discharge from the Hospital and the follow-up report, 
there were four additional deaths: One occurred five years after discharge as a result 
of meningitis; two patients died of pulmonary tuberculosis nine years and two years, 
respectively, after discharge; and the fourth patient died of peritonitis, three years after 
discharge. Information regarding the ninety-nine remaining cases was obtained by ex- 
amination, questionnaire, or both, and was adequate for this report in all instances except 
five. It will be noted from Table VI that fusion had occurred, both clinically and roentgen- 
ographically, in fifty-eight cases. The fusion had occurred in 5 to 10 degrees of flexion, 5 
to 10 degrees of abduction, and 0 to 25 degrees of external rotation. Six patients had drain- 
ing fistulae. Twenty-one patients had symptoms of mild pain, fatigue, stiffness, limp, or 
discomfort with weather changes; most of these patients were in the group in which 
ankylosis had not occurred. 

Twenty-eight patients had found it necessary to change their occupations. Six of 
them were on old-age pensions and the remainder had returned to their original jobs, man}'’ 
of which included hard labor. 


DISCUSSION 

A radical operation has been described in which an attempt has been made, as fai’ as 
possible, to remove all tuberculous debris to the extent that this could be recognized b.v 
the naked eye. By this operation, the conditions for allowing fusion of the hip to occur 
have been fulfilled in the majority of cases (Figs. 2-A to 8-C, inclusive). The mortality 
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wliii’li includes tlic postoponitivc death-, as well as the delayed deaths from thi- form 
of tre.'itnieiit. is 12.-! per rent., while the number of fusions which occur is only .58.0 per 
cent. 

A numbi'r of reasons mipht be mentioned to e.^plain why fusion was not obtained in 
more ea.-e.-. In the earlier period, fusion was not considered desirable, and early passive 
and active movements wen* instituted. In some eases the destructive changes in the head 
of the femur and the acetabulum were so extensive that it was nece.ssarA- to remove a con- 
siderable amount of bone, thus causing the contact between the newly created surfaces to 
bi' poor and insufficiently broad to allow fusion to take place. Progre.ssion of the proce.ss 
may also be one of the reasons why fusion fails to occur. However, this was not observed 
in any case in this series. 

'I'he author considers this operation to bo indicated (I ) in those eases where an abscess 
has developed in the vicinity of the diseased hip; (2) in patients with incipient fistulae in 
whom secondary infection has not occurred; (.3) in those cases where serjiieistra are to be 
ob.served in the head of the femur or the acetabulum; and (4) in any cases showing a 
tendency to lu.xation. subluxation, or other malposition, where an operation should be 
done in all circumstances. This refers, of course, to patients over sLxteen j'ears of age. It is 
necessary to decide each case individually, and this is even more essential when we are 
dealing with patients with disseminated disease. Caution is e.specially necessarj' in patients 
with pulmonary tuberculosis. Intervention at an early stage in the disease is undoubtedly 
to be preferred to a resection of nccci=sity in cases with a number of draining sinuses. It is. 
therefore, desirable that the patients should be sent in for treatment as soon as pos.sible. 

If an osseous ankylo.sis is not achieved, there is always the possibilitj’ of being able, 
at a later date, to do an extra-articular arthrodesis which can then be carried out ^Hthout 
consideration for the tuberculous process. 
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DISCUSSIOX 

H.\iISTBIXG-TEXDOX Tr.\XSPI..VST.\TIOX 
{Continued from page 549) 

tion. Dr. Hough of Springfield, Massachusetts, was in .St. Louis last .summer and wa-s interested in the result- 
of hamstring transplantations. I saw him three days ago, and he said that, since being in St. Louis, he had 
cheeked on hamstring transplantations at his own clinic and had found none that had caused dislocation of 
the patella. Dr. Fischer found two unsatisfaetoiy- results, and apparently there were none in Dr. I'inke’s 
experience. 

We did not segregate those ca.=cs of lateral di.splacement of the patella following biceps transplantation 
which had originally been treated in other clinics, and which had been seen by us after the patella had dis- 
located. Segregation was not necessaiy, since the same thing had happened in manj- of our own ca=cs. In eight 
of the twenty-nine lateral dislocations of the patella, the patients had had biceps-tendon transplantation 
alone in ch’nics other than our own; fo wc know that other clinics do have similar problems folloaing thi= 
procedure. I believe that this is a problem which warrants further checking, with the idea in mind that wc are 
able to prevent the chief cause of failures. 
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INTERNAL FIXATION FOR LUMBOSACRAL FUSION 

BY DON KING, M.D., SAN FRANCISCO, CALIFORNIA 

From the Division of Bone atul Joint Surgery, Department of Surgery, 

Stanford University Medical School, San Francisco 

Although some difference of opinion maj'- exist about the indications for lumbosacral 
fusion, there can be no doubt about the effectiveness of the operation in properly selected 
cases. Its field of usefulness is large, and, if the prolonged period of postoperative fixation 
in plaster could be eliminated, many more patients ivould take advantage of this operative 
procedure. 

During the past eight j'^ears ive have been using metal screws through the lateral 
articulations, with the idea of securing rigid internal fixation at the time of the operation 
and thereby eliminating the necessity for prolonged immobilization in plaster. This 



Illustrates use of notched Bennett retractor for e.vposuro of lateral articulations, and special 
O''teotomo for removal of articular cai tilages. 

* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Yiigim’a 
June 27, 1917. 
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Shotting in=ertion of drill point and 'crctt . 

operation has been quite satisfactory, and the primarA' purpose of this paper is to describe 
the technique and to report the present condition of forty-four patients who were operated 
upon during the years 1940 to 1945. 

OPER.\TIVE TECHXIQEE * 

The local supph' of bone is supplemented with bone grafts from either the tibia or 
the ilium, the ilium being preferred. To facilitate removal of the iliac graft, the operation 
is started with the patient in the three-quarters-prone position, so that the anterior half 
of the iliac crest and the lumbosacral area can be exposed .simultaneou.^sly through the 
hole in a Caesarean drape sheet. The incision for remoA'al of the bone graft begins at the 
anterosuperior spine and extends backward along the anterior half of the iliac crest for 
about five inches (thirteen centimeters); here the crest is widest and practically subcu- 
taneous. A large quantity of cancellous bone is immediately available and can be obtained 
in long slices, chips, or in a single piece, as the surgeon desires. The wound is closed, the 
sandbags are removed, and the patient is allowed to assume the fully prone position. 

Through a mid-line incision, the muscles are reflected from the spinous processes and 
laminae in the usual waj-. Exposure of the lateral articulations is greatly facilitated by the 
use of Bennett retractors with notched tips (Fig. 1). The notched tip of the retractor i- 
placed against the lateral mass of the first sacral vertebra, just lateral to the sacral facet. 

* The technique is described for a single joint fusion, — lumbosacral. 
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With this point as a fulcrum, the. 
handle of the retractor is pressed 
outward (laterahvard) so that its 
broad bodj'- fits snuglj'' against the 
muscle, keeping it out of the way. 
By this means a satisfactoiy ex- 
posure of the lateral articulation 
is obtained, for removal of its 
articular cartilage. For this pur- 
pose we have used a Smith- 
Petersen curved osteotome, one- 
half inch wide, with the terminal 
end reshaped and hilted to fit the 
curve of the average lateral articu- 
lation (Fig. 1). The fifth lumbar 
spinous process is removed, and a 
small notch is made in the middle 
of the cortical surface of the ar- 
ticular facet for the reception of a 
drill point. This is necessaiy to 
prevent "wandering” of the drill 
point when it begins to rotate. 
The drill (a No. 31 drill point 
being used) is directed downward 
and outward, parallel to the in- 
ferior edge of the lamina (Fig. 2), 
at an angle of 45 degrees. The drill 
passes through the two facets of 
the articulation, making a tunnel for the insertion of the screw. (For women, a screw 
three-quarters of an inch in length is used; for men, one inch.) After the screws have been 
inserted and tightened, the rigidity of fixation can be tested by seizing the stump of the 
spinous process with a bone-holding forceps and lifting toward the ceiling. The sacrum 
and the fifth lumbar vertebra now move together. 

The remainder of the operation consists in elevating multiple small grafts from the 
fifth-lumbar laminae and sacrum, and arranging the tibial or iliac grafts against the raw 
osseous surfaces thus produced. In a few cases in which the spinous processes were well 
developed, a tibial graft has been fastened to them with small screws (Fig. 3). The wound 
is closed with a soft rubber drain, which is left in place for two days. 

Postoperative Care 

After the operation the patient is placed in a board-reinforced bed, and he is urged 
to turn himself from time to time. This is painful during the first three days. Fifty thou- 
sand units of penicillin each three hours are given for seven days. Although patients 
can get up and walk in a few days, they are encouraged to sta}"- in bed for three weeks. 

There are two indications for postoperative bracing. First, if the patient has used a 
brace for a period of months or j^ears before the operation, he should continue with his 
brace until fusion is solid and exercises can be started. The second indication is in an 
occasional case in which absolutelj’- rigid fixation has not been secured. In such cases, we 
have used a chair type of lumbosacral brace. 

Variotio7is 277 Operative Technique 

As mentioned previouslj^ bone grafts from the tibia have been used in some cases. 
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Fig. 3 

Tibial graft fastened to tips of spinous processes. 
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In sonK' {i.'itic'iifs with 'voll-dcvolopcil spiiioiis processes, we have placed a tibial graft 
directly on top of the spinous proees-^es of tlie fifth lumiiar and first sacral vertebrae, and 
fastened tlie graft directly to them with screw.- (Fig. 3). On several occa.sion.-, particularlv 
in eases where there has heim a transitional type of fifth lumbar vertebra and one of the 
latend articulations has not been well developed, a screw has been used only on one side. 
Xeedle.s.- to say. the ojierative technitjue has been used on a number of occasion- in 
conjunction with the removal of displaced portions of the intervertebral disc. 


Di.-^srrliiifi-Roow 1 Cx]h ri iiirtit 

In contemplating the use of screws 
through the lateral articulations, one natu- 
rally wonders if the facet is really large 
enough to admit a screw without danger of 
fracture of the facet through the screw hole, 
particularly after the patient becomes ambu- 
latorA- and the bone is subjected to the 
stresses and strains of motion. In an effort 
to determine this point, screws were placed 
through the lateral articulations of fresh 
cadavera. It was found that when a hook 
was placed under the laminae of the fifth 
lumbar vertebra, and traction was applied 
to this hook through a ceiling pulle.v, fracture 
of the lateral articulations did not result. A 
re\'iew of this series of cases did not disclose 
a single fracture of a facet. 

Complications 


Fig. 

\V, M. Sk years after operation. 


In the entire series of fifty-five cases, 
there were two cases of wound infection which 





Fig. -t-B 


Fig. 4-C 


VOL. 30-.\, SO. 3, JULY 104S 




INTi:ii\.\I, FIXATION’ FOI! H’.MHOSACHAL FUSION' 


505 


nccessitatod ri'inoval of tlio scrcus, one postoperative atelectasis, and one case of mild 
tliroinhopldehilis. In one patient, definite nerve-root irritation resulted from one of the 
screws, wliicli had to he removed. Xo deaths occurred in this series. 

oad .I jrr 

'J'wenty-tliree of tlie jiatients were males and twenty-one were females. The j'oungest 
liatient was eighteen years of ape and the oldest was fift\'-cight years; the average age 
was thirty-seven. 

f ■Hociilfjrnogrophic FiitfUtiqs 

The roentpenopraphic findings were negative in fourteen cases. A thin disc was pre.-ent 
in twelve', a transitional vertebra in twelve, and evidence of arthritis in six. 


RIISULTS 

Although fifty-five of these operations were performed during the si.\'-\'ear period 
from 1940 to 1945. we were able to establish contact with and to e.xamine only forty-four 
of the patients. All of these patients were subjected both to clinical and roentgenographic 
investigation, \5dien there was any cfucstion about whether a solid posterior bridge was 
present, the roentgenographic investigations were carried out with the patient in forward 
flexion and in extension. Of the fort\'-four patients, pseudarthrosis was definitely present 
in four or 9.1 per cent. Interestingly enough, only one of these four patients with pseu- 
darthrosis complained of pain in the back or felt that he did not have a satisfactorj- result 
from his operation. In this small series, therefore, there was not a verj' close correlation 
between pseudarthrosis and function, as three of these patients had excellent functional 
results. In addition to this one patient with pseudarthrosis who had a poor functional 
result, three others had poor functional results, although each had a perfectly solid bony 
j fusion, including disappearance of the lateral articulations. In short, the results in the 
forty-four cases show solid bony fusions in fortj' or 90.9 per cent., an incidence of pseu- 
darthrosis of approx-imately 10 per cent., and about 10 per cent, with poor functional 
results. 


SU.M1IARY 

By the placement of screws through the lateral articulations, rigid internal fi.xation 
can be secured in the lumbar spine-fusion operation. The position in which the joint is 
to be ank}'losed can be accurately controlled, and the necessity for prolonged immobiliza- 
tion in plaster is eliminated. Forty (90 per cent.) of fortj'-four patients operated upon 
have solid bony fusion after two to seven years. The osseous fusion develops slowly while 
the patient is ambulatorj'. 


DISCUSSIOX 

Dr. Lenox D. B.\ker, D^RH.v^r, Xortk C.^rolixa: This end-result study of the use of internal fixation 
of the articular facets in spine fusion is a most valuable contribution to spine surgerj-, and Dr. King is to be 
congratulated on developing this adjunct to the Hibbs fusion. In his paper, Dr. King makes it clear that the 
use of the screws is not recommended except as an adjunct, and he emphasizes the importance of bone fusion. 

Since Dr. Iving’s preliminaiy report describing the operative procedure, we have used interfacet 
^'itallium screws in lOS spine fusions. It has been our impression that the patients are more comfortable 
during the postoperative stage, are able to be ambulatory at an earlier date, have less postoperative dis- 
tention, and are less likely to have other postoperative complications, such as thrombophlebitis, et cetera. 
Again, I congratulate Dr. King and thank him for a sound and useful contribution. 

Dr. Al-an Deforest StriTH, Xew York, X. Y.; The desirability of internal fi.xation in these operations 
is quite evident. Several different methods for accomplishing this have been suggested, of which I believe 
that described by Dr. King is the best. He was the originator of the procedure and the first to u-e it; but 

(Continued on pare o7S) 
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MUSCULAR TORTICOLLIS 

BY FREMONT A. CHANDLER, iM.D., CHICAGO, ILLINOIS 

Congenital muscular torticollis is a condition that is recognized and well understood 
members of this Association, and it ma.y be a bit presumptuous to open this topic for 
general consideration. The treatment of this condition, although varied, is as standardized 
as that of any well-known pathological entitj'- encountered by the orthopaedic surgeon. 
Correction of persistent deformity by surgical measures is a recognized procedure. It has 
been carried out in a large number of cases bj'’ every surgeon in this audience. Orthopaedic 
texts are in general accord as to the characteristics of the primaiy and secondary deformi- 
ties of muscular torticollis and as to the need foi‘ securing the maximum correction, chiefly 
b}'^ surgical means, before skeletal maturity. Little is said concerning the optimum time 
for surgery or the more detailed management of the case. Long series of cases, recorded by 
man}'’ careful observers, attest to the efficienc}'- of the treatment, for the results are, on 
the whole, very satisfactory. 

A dearth of papers on muscular torticollis in the orthopaedic literature of the past fif- 
teen to twenty years would seem to indicate the static position of the subject. During 
this time, a new generation of orthopaedic surgeons has come to the front. Textbook con- 
cepts of muscular torticollis are reflected with great accurac}’^ during the copTse of inter- 
views which are a part of the examination of the American Board of Orthopaedic Surgeons. 
These concepts are fortified by varied personal experiences, and the subject is dismissed. 
With rare exceptions, orthopaedic texts or chapters in monographic texts refer to the 
etiology of muscular torticollis as birth trauma of the sternocleidomastoid, with hematoma 
formation and with subsequent resorption of the hemorrhage or replacement of the tumor 
with scar tissue. The high incidence of breech and abnormal deliveries is emphasized. That 
a prenatal contracture of the sternocleidomastoid may exist is recognized. 

I quote from an early text by the then Professors of Pediatrics of Columbia and Johns 
Hopkins Universities, Dr. L. Emmett Holt and Dr. John HoAvland, respectively: “Hema- 
toma of the sternomastoid muscle leads to the formation of a tumor in the belly of the 
muscle. It is a rather rare condition, usually noticed in the second or third Aveek of life, 
and it disappears spontaneously, rarely causing any permanent deformity. The tumor va- 
ries from three-quarters of an inch to one inch and a half in length, being about the size 
and shape of a pigeon's egg. It is movable, almost cartilaginous to the touch, and some- 
times slightly tender. The situation of the tumor is usually about the center of the muscle. 
There is no discoloration of the skin. 

“In about tAvo-thirds of the cases it occurs after breech presentations. It is much more 
frequent upon the right than upon the left side. In tAA'^enty-seven cases collected by Henoch, 
the right side aa'rs involved in tAA'enty-one and the left in only six cases. The explanation 
of this difference is to be found in the obstetrical position. Rarely, both sides may be in- 
A'olA'ed. The head is usually slightly inclined toAA’-ard the shoulder of the affected side and 
rotated toAA'ard the opposite side. The SAA'elling sloAAd}’- diminishes in size, and in most cases 
by the end of the third month has nearly or quite disappeared. Occasionally a slight 
torticollis remains for a longer lime, but in the majority of cases the recovery is perfect. 
Hematoma of the sternomastoid is due to the tAA'isting of the head during parturition. It 
is not an e\'idence of the emplo3’’ment of any improper force in delivery. The tAA'isting of 
the head produces laceration of some of the blood vessels of the muscle and in some cases 
there is doubtless rupture of some of the fibers of the muscle itself. Following this there 
occurs a certain amount of inflammation of the muscle and its sheath. The tumor is due 

* Pre.«(‘ntecl at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, 
June 20, 1047. 
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partly to blood oxtra vacation and partly to inflammatory products. In one or two recent 
<'a'-e.< in which the sheath of the muscle ha.s been opened it has been found filled with blood. 

“The comlition requires no treatment. Operative interferenee is positively contra- 
iniiicated." 

KIsewhere in the same text, the authors state: "An old ease of torticollis is a serious 
matter and radical measures should be re-sorted to early in the disease”. 

More recently Shands. in Iiis c.xccllent and popular Handbook of Orthopaedic Surgery. 
states: “It has been thought by some observers that the pathogenesis is nipture of many 
of the muscle fibers during birth, with the formation of a hematoma and subsequent re- 
placement of part of the muscle by scar tissue. Hematoma of the sternocleidomastoid 
muscle is sometimes observed in the newborn infant; it forms a nontender c.vlindrical 
tumor which usually regresses slowly in from three to six months. Incomplete regression 
of the hematoma may be followed by the development of a contracture of the sternoclei- 
domastoid muscle.” 

Robert \V. Johnson, Jr., writing in Christopher’s A Textbook of Surgery, says: “The 
muscle may become contracted in utero or may undergo fibrosis and shortening secondarj- 
to stretching and tearing during deliverv. In man\' cases a hematoma in the muscle can be 
palpated in the first week.” 

Christian, in Osier's book, states: “In congenital 'i\Ty-neck the stemomastoid is 
shortened, hard and firm and in a condition of more or less advanced atrophj'. This must 
be distinguished from the local thickening in the stemomastoid due to mpture. which may 
occur at birth and produce an induration.” 

The foregoing quotations represent a fair cro.<s section of source material relating to 
the pathologj' of muscular torticollis. Concerning the significance of tumors in the sterno- 
cleidomastoid. discussions with many pediatricians of wide clinical experience would in- 
dicate that such tumors are undoubtedly hematomata, are of little or no significance, and 
leave no lasting defect. To suggest any other opinion alwa 3 -s precipitates a heated argu- 
ment. 

The cases of muscular torticolh's seen b.v the orthopaedic surgeon permit a different 
perspective on the significance of earlj- muscle changes. In a paper published in 1944 bx' 
Chandler and Altenberg, 101 cases of muscular torticollis were anah'zed. In order to pre- 
sent a somewhat wider concept of the problem, these cases are now combined with a group 
of 124 patients xvith muscular torticollis who hax'e been operated upon at the Universitj' 
of Illinois since 1938 and in private practice since 1943. This makes a total of 225 patients. 
Of these, 109 xvere males and 116 females. The right side was inx’olved in 127 instances and 
the left side in 98. The age of the patient at time of operation ranged from three weeks 
to seventeen j'ears. Fortj'-two patients were under one j'ear of age. Of these, twentx'-sLx 
were less than four months old; the jmungest was three weeks of age. 

Birth histories are important, but in this combined series thej- are relative!}' inaccu- 
rate, especiallx' in the older group. In the infant group, where more details are ax'ailable, 
a history of breech presentation is encountered in about 50 per cent. The number of difii- 
cult deliveries of other presentations is high. Three infants were dehvered by Caesarean 
operation. 

The high incidence of breech presentations in cases of muscular torticollis is of par- 
ticular significance, for a direct relationship between the deformity and the abnormal 
presentation probablj' exists. Of the x’arious textbooks on obstetrics rexfiewed. the onlx' 
reference to torticollis as a factor in breech presentation xvas made in the latest edition of 
De Lee and Greenhill’s Obstetrics. In this text, our prexdous publication was quoted at 
length. The high incidence of breech delix-eries in cases of muscular torticollis has been 
stressed bx' manx' others xxwiting on this subject. Obstetrical literature reflects an increasing 
interest in the relationship of prenatal posture to X'arious deformities. — an observation 
xvell established among orthopaedic surgeons. The high incidence of breech presentations 
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adds weight to the well-recognized concept of prenatal pathological changes in the 
sternocleidomastoid. 

The group of infants under foui’ months of age are of particular interest. The torticollis 
in some was noted soon after delivery, but the tumor of the sternocleidomastoid was 
not recognized until the tenth to fourteenth day after birth. 'J''he tumor increased in size 
for the next three to five weeks, and then slowl3'’ receded at vaiying rates, occasionally 
persisting for months. Tin's tumoi- is smootJ), attached to the deeper sbaictures, and freely 
movable beneath the skin and on the underl5fing cei’vical spine. It is tense, semi-elastic, 
and apparent!}'- tender to pressure. Sepai’ate tumors may involve both portions of the 
muscle. There is no induration of the soft parts adjacent to the tumor; and in none of the 
cases in this report was there an}' cechymosis of the overlying skin. Erb’s palsy occurred 
three times, once on the same side as the tumor and twice on t.he opposite side. 

The various theories advanced to explain the development of the tumor mass have 
been presented in our previous publication. In that ailicle, conclusions as to the origin 
of the tumor were as follows: “We believe, therefore, that intrauterine malposition, and 
the possible pressure and ischemia which may result in the sternocleidomastoid muscle 
therefrom, contribute to the cause of muscular torticollis by rendering the muscle definitely 
atrophic, maldeveloped, fibrous, shortened, and ischemic. These changes may well cause 
the muscle in some cases to be liable to damage with a ti-aumatic or even a normal de- 
livery, which would not damage the normal sternocleidomastoid muscle.” 

Operations performed for the correction of torticollis in this entire series varied in 
type according to age. In the older patients, detachment of the sternal and clavicular 
heads of the sternocleidomastoid, followed by retention of tlie muscle in an overcorrected 
position, gave satisfactory results. The employment of a stretching sling over the shoulder 
and incorporated into the cast was found to be most advantageous. In the group of forty- 
two infants, excision of the tumor mass was carried out. This procedure is not a serious 
one, but must be done in such a way that the other structures of the neck, especially the 
spinal accessory nerve, are not damaged. This nerve should be identified and disengaged 
from the tumor. The nerve is a small structure, Avhich usually passes between the bellies 
of the cleido-occipital portion of the muscle in the middle third. Considerable variation 
in its position has been encountered. .Hemostasis is most essential. Closure of the wound 
is accomplished by deep suture with plain catgut and subcuticular suture of the skin. To 
obliterate an}' dead space, a pressure dressing is applied. A light plaster splint, which 
maintains overcorrection, is worn for three or four weeks. This is followed by gentle 
stretching of the muscle, which can be performed by the patient’s mother. 

A study of the excised tumors is of interest, — especially that of tumors removed 
within the first few Aveeks of the infant’s life. These tumors consist of fusiform masses, 
involving part or all of the muscle belly of the sternocleidomastoid, usually in its middle 
third. The tumor is limited by the perimysium and may extend proximally and distally 
to invoh'e the entire muscle substance. It is firm in consistency and separates readily 
from adjacent structures. Cross section reveals a Avhite, fibrocartilaginous, glistening- 
surface, which at times is slightly lobulated. In none of the specimens was there anything 
to suggest blood-clot formation or residual blood pigment. Microscopic sections show 
muscle fibers in all stages of degeneration, as reflected by their AA'ide A'ariations in staining 
qualities. Fibrous tissue is abundant, replacing muscle fibers to varying degrees. Occa- 
sionally, normal muscle fibers surA'ive. These are usually at the periphery of the fibrous 
mass. No evidence of hemorrhage or residual hemosiderin was present, even in specimens 
removed in the earliest weeks of the patient's life. The over-all pathological process appears 
to be that of the replacement of muscle tissue by fibroblasts, Avhich develop in great pro- 
fusion to form the tumor mass. This may be likened, in some respects, to the great excess 
of callus frequently found at the site of birth fractures. In older patients, the tumor has 
disappeared, leaving a firm inelastic band, which replaces part or all of the normal muscle. 
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'I’lic ri’.'ull.'- of llu‘ ^iirKicol corrertion of mu.-riilar torticollia are probably the mo't 
positive of tho'c obtained from any orthopaedic i)rocednre, provided the operation ia done 
at an ace tliat will permit remoldinp of the skeletal structures. The justification of .surgen.- 
m very younc infants may be debatable, but our uniformly good results, and the preven- 
ti('n of the more fixed secondary skelot.nl deformities, lead us to the conclusion that early 
oiieration is indicated. 

wider experience with early operation by members of this Association will clarify 
the indications and contra-indications for such a cour.'O. 
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DISCUSSIOX 

Dn. .1. IInt.\M Km:, .tTL.vNT.\, GKonr.i.\ ; .\fter several years of programs devoted to war .surgery, I am 
pleased to sec congenital deformities back on the program. 

I want to thank Dr. Chandler for taking up a subject that is “static”, as he expressed it, and giving us 
so many new farts about it. He has changed the name from “congenital” to “ma=cu]ar” torticollis. 

tVe have In-en told by the authorities in the past that the tumor was due to a hemorrhage in the mu.scle, 
and we have accepted this, even though we have never seen any discoloration of the skin. Dr. Chandler has 
shown that in none of his patients, not even in the thrce-weck-old baby, were there any signs of intramuscular 
hemorrhage, nor was hemosiderin to be found upon microscopic examination. 

Xove-.Ios-erand and Viannay thought that the condition was due to an ischaemia. They stated that the 
middle part of the stemoclcidom.astoid was supplied with blood by an “end arteiy”, and they noted that 
in every case of wiyneek the lumen of the stemomastoid arteiy had been obliterated at the anterior border of 
the muscle. Chandler has shown in his dissections that the muscle is supplied by .several arteries, and that 
there was bleeding from all when he di.=..sccted out the tumor. 

It has been claimed that the trauma of labor causes a temporaiy acute obstruction of the veins, followed 
bv a fibrou.=-t issue change similar to the mechanism which produces contracture of the flexor tendons of the 
forearm in 5'olkmann’s ischaemic contracture. Chandler has shown that the x-enous drainage of the sterno- 
cleidomastoid empties into all the major veins of the neck. He has shown a profuse communication in the 
muscle with at least eight major veins, so it is difficult to beliex-e that there can be a x-enous stasis. 

Of the 225 cases rex-iewed, fortx’-two of the patients, or nearly one-fifth, xvere under one year of age. 
Twentx’-six, or more than 10 per cent., were under four months of age. I hax-e not dissected out the tumor 
in any patients of this tx-pe. In the past, we hax-e been told by our best authorities that the condition requires 
no treatment, and that operative interference is positix-ely contra-indicated. This may be another “error” 
which has been handed dotx-n, but since there is a good probability that many of these tumors xxill clear up 
spontaneously, I am still inclined to gix-e Xature a chance. 

.A.S to the operative procedure, I used to employ general anaesthesia in all of my cases, but for the last 
few years I hax-e done them under local anaesthesia. I feel that it is neces.=arx- to apply a form of fi.x3tion 
that vrill keep the head rotated in the opposite direction until the muscle has healed, and, therefore, I hax-e 
used a plaster jacket. 'This can be more easilj- applied if the patient is awake and not nauseated. 

My poorest results hax-e occurred in cases where the head rotated in the jacket and turned back toward 
its original position; so I think the postoperatix-e treatment is as important a= a thorough dix-i.rion of both 
heads of the muscle. 

Dr. Robert V. Funstex, Cn.xRi.oTrEsx'ii.i.E, Virgin-i.\: Dr. Chandler has presented an old subject 
in a x-eiy interesting xx-ax-, and has added a new approach to the treatment of muscular torticollis. X’ex-er 
hax-ing attempted surgical remox-al of the tumor mass, and nex-er hax-ing done surgical correction in a child 
under one year of age, I am not sure I can agree xx-ith him on the adx'antage or neee£.sit y of thi= procedure, but 

(Continued on page SSS) 
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Surgical Treatment of a Painful Syndrome Caused by an Anomalous Joint 

BY LUIZ GUSTAVO M'ERTIIEIMBR, M.D., SAO PAULO, BRASIL 

From the Cllnica Ortapidica c Traiimatolvgica *, //onpital das Cl'mic.ns da 
Faciddadc dc Mcdicina, Universidadc dc Sdo Paulo 

In the normal human skeleton, the bones of the shoulder girdle are joined together liy 
the acromioclavicular articulation and by the trapezoid and conoid ligaments, u'hich go 
from the inferior surface of the lateral third of the clavicle to the liody of the coracoid 
process. These coracoclavicular ligaments help to unite the clavicle and scapula and, vith 
their form and elasticity, thej'’ allow a certain degree of dislocation between these bones in 
movements that have as centers the acromioclavicular and sternoclavicular articulations. 

Occasional!}’', however, we find an articular formation which joins the two bones of 
the scapular girdle, substituting for the trapezoid and conoid ligaments the “articulus 
coracoclavicularis” . 

Incidence of the Coracoclavicidar Joint 

Comparatively few cases of this condition have been reported in the literature. Until 
1900, the only cases published were reported by Gruber, Luschka, and Pick. From a re- 
search of all literature up to this year, the author was able to record cases reported by the 
following authors: 

A. With roentgenographic proof: Frassetto (three cases), Possati, Giongo, Pigorini, 
Pond6 and Silveira, Agati, Ikeda, Timpano (four cases), Longhi, Gradoyevitch, Alarcon, 
Figueiredo, Slocum, Nutter (twelve cases), and del Valle and Giordano. These cases, 
plus the two cases reported here, made a total of thirty-three with roentgenographic 
confirmation. 

B. With necropsy confirmation: Poirier (three cases), Fick (two cases), Gruber, 
Luschka, Jeanneney and Celles, Gowland, Testut (three cases), Monteiro, Lane, Ponthus 
and Boudenes, Miessen, and Schlyvitch. There were, therefore, seventeen cases which had 
been proved anatomically. 

This gives a known total of fifty cases up to the present. Publications have appeared 
about the ossification of the coracoclaviculai -joint ligaments, as those of Hartmann 
(1887), Robineau (1897), and Ribet (1931), the latter with three observations in eighty 
scapulae. These cases of pathological ossification of the coracoclavicular ligaments are not 
to be confused with those of a true joint. 

Clinical Significance of the Coracoclavicular Joint 

The coracoclavicular joint has occasional^ been seen at the dissection table or on 
roentgenograms. We must distinguish the chance discoveries on roentgenograms, taken 
for another reason unrelated to the anomalous articulation, from those in which pain in 
this region directly indicated roentgenographic examination. 

The chance discoveries are more frequent and the authors, with the exception oi 
Frassetto, do not refer to any symptoms caused by the anomalous articulation. Frassetto 
cited the case of a woman with a bilateral coracoclavicular joint, who had fractured the 
surgical necks of both humeri in two accidents; in his opinion, the coracoclavicular articu- 
lation predisposed to the fracture of the neck of the humerus. 

The coracoclavicular joint caused symptoms in only a few cases. Possati fowjd signs 
of osteo-arthritis in the coracoclavicular joint and in the other surrounding joints in a 
* Prof. F. E. Godoy Moroira, Director. 


ruO 


THE JOURNAL OF BO.VE AND JOINT .SURGERV 



rouM Oci.wK’run joint 





Ilociitpcnopnim of shouldor shows osseous overgrowth at juncture 
of distal and medial portions of the clavicle, directed downward and 
outward, with an enlarged downward and inward border. Another 
osseous overgrowth is present at the ba.se of the coracoid; this articu- 
lar .surface is adj'ustcd to the clavicle, with a j'oint space of three 
millimeter'. 
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workman, M\ty-tlin'(‘ yt'ttr.-' ‘ J 

old. who MilToroti from pain ' • ' 

and limitation of .shoulder ' ' ' V'' 

movemrnt.s. Del Vtille .and | - ■ " -<• ^ j- . _ 

Giordiino ol)serv(>d it wointtn i - 101 ^' ^ 

of thirty-five nith a painftil ^ 

rervieohrtiehitil ryiHlrome . ‘ ■ j 

whieh imjiroved after re- 
. .section of the eoraeoelavieii- 
lar joint. 

'I'he first of otir pa- 

tient.s wiis also a workman. 

with pain and limit tit ion of p,f; j 

the .shonldcr-joinl move- itoentpenogram of .shoulder .shows osseous overgrowth at juncture 
ments. who improved after "f di«tal and medial portions of the clavicle, directed downward and 
, . outward, with an enlarged downward and inward border, .\nother 

rc.scetion Ol the coraeo- osseous overgrowth != present at the ba.se of the coracoid; thLs articu- 

elavienlar articulation. He *‘'*r furface is adj'ustcd to the clavicle, with a j'oint space of three 

, ’ , millimeter', 

was a male negro, aged 

thirty-seven, who com- | 

plained that pain in the ’N. I 

shoulder had been present ^ rrtrrrrr^ — ■ — 

for the last three years. The ' I 

patient stated that, while .--"“'‘.'x I 

working as a rock tligger, •; ' V 

his arm was suddenly forced i [ .. ....--.'.f- t \ 

into motion, as a stone that ^ \ ' x” . V \ i 

’ supported his lever slipped ' \ \ / | 

of? une.vpectedlt". Until then ; : ; 

he had had all the move- ’ \ : 1 < 

ments of the shoulder, and \ / \ j j 

had had no complaints. ’• / i ! ' 

Since this accident, • / ^ ; 1 

three j'ears before, the pa- j ; / ^ 

tient had begun to feel ( I / i i ■, 

continuous pain in the i \ / ' \ 

shoulder, increasing with 

any movement. The pain ' ^ 

was continuous, radiating ^ 

+r,.' r,..rv. UiiT- ^^u iucLsion and .skeletal relationship. The vertical ineision is 

lO tne arm, persisting aiir- ^Jong the deltoid-pectoral groove, and the horizontal inci-ion L= along 
ing rest, and increasing the lateral third of the cla\-icle. 
with exercise. The .shoulder 

movements became limited as a result of the pain, and the patient had not worked for two 
3 'ears. He was treated with massage and injections without relief. 

Examination of the active movements of the left shoulder revealed that abduction 
could be made without pain as far as 45 degrees, and it was possible up to SO degrees 
with severe pain. Flexion was not painful up to 60 degrees; e.xtension was normal; exTemal 
rotation was painful; internal rotation was normal and not painful. Palpation caused pain 
in the deltoid area. A neurological examination was negative. 

The roentgenograms did not show anj- local alteration, e.xcept an anomalous coraco- 
clavicular joint (Fig. 1); a bonj’ projection, one centimeter long, arose from the site of 
union of the middle and lateral thirds of the clavicle and was directed downward and 
outward. It was slighth' enlarged at its free end, which was directed doumward and 


Skin incision and .skeletal relationship. The vertical ineision is 
along the deltoid-pectoral groove, and the horizontal inci-ion i= along 
the lateral third of the cla\-icle. 
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Fig. 3 

Deltoid detached at clavicle and swinging outward. There is clear c.vposure of lateral third of 
clavicle, pectoralis minor and coracobrachial attachment, scapulohumeral capsule, and long biceps 
tendon. Note the fat tissue between clavicle and coracoid procc.ss. 



Fig. 4 

After excision of the fat tissue, we find fibrous bands. After excision of the fibrous bands, the joint 
is shown. Between the osseous overgrowth we see an intra-articular disc, with the superior surface 
free and smooth and the inferior surface rough and partially adherent. 

inward. At the base of the coracoid process was a formation directed toward the claviciilai 
process, with which its free surface adjusted exactly, and from which it was separated 3 a 
space of three millimeters. Roentgenograms of the opposite side did not show the e.xisteii-c 
of a similar anomal 3 ^ 

Prolonged physiotherapy was carried out; it consisted mainly of heat, massage, < 

joi.vr suhgcry 
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Fig. 5 

After removal of the di-r, an o'teotomy of the anomalous overgrowth is performed, emptj-ing the 
'•ptiee Inttween the claviele and the eoraeoid proce?«. 


movement, nlternatetl with periods of rest. A j'ear later the patient was in the .«ame condi- 
tion, complaining of constant pain which had prevented him from working for two years, 
-o that resection of the anomalous joint was decided upon. 

Operation 

'• An incision of fifteen centimeters (six inches) was made over the deltoid-pectoral 
fold, from the clavicle to the anterior axillarj' fold (Fig. 2); the cranial end of this incision 
wis prolonged outward, over the clavicle, to an e.xtent of six centimeters. The superficial 
laj'ers were dissected as far as the pectoral fascia. The deltoid muscle was detached from 
the clavicle; the muscle was then turned outward (Fig. 3). Large exposure was made of 
the pectoralis minor and coracobrachialis muscles, on the apex of the coracoid proce.^s. and 
of the pectoralis major and the capsule of the scapulohumeral joint, with the tendon of the 
long head of the biceps. A ma.=s of fat tissue was found, filling the subclamcular space. WTien 
this had been removed, at certain points fibrous tissue was seen, forming bands resembling 
a true ligament; after e.xcision of that tissue, a bone formation appeared at the union of 
the lateral and middle thirds of the cla^dcle, joining its inferior surface with the base of the 
coracoid process (Fig. 4). The scalpel cut through a space between the two processes and 
showed a smooth, shining surface turned upward, which was recognized as the superior 
su face of an interarticular disc. "UTien attempts were made to remove this disc, it was 
found to be partialh' attached to the rough superior surface of the base of the coracoid 
e jstosis. 

An osteotomy of the two joining processes was performed (Fig. 5). The same fibrous 
- lids described on the anterior surface were seen, corre.^ponding to the posterior surface 
[he pre-existing articulation, and more extensi%'e. Reconstruction of the different layers 
. carried out, and a dressing and bandage were applied and continued for eight davs. 

ostoperative Course 

The skin sutures were removed after eight da 3 's, and active movements were started. 
\^'h^n the patient was e.xamined, three months after operation, he was free from pain, 
movements had become unrestricted, and it was possible for him to join his hands over his 
heaa with his arms fulh- extended. 
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Fig. 6 

Section of clavicular process shows spongy bone tissue, consisting of wide lacunae filled with bom 
marrow and covered by a thin laj'cr of bone tissue; this is covered by a fairly thick laj’er of fibrovs 
cartilage. 



Fig. 7 

Section of the coracoid exostosis shows the same arrangement, except that the layer of compa' ' 
bone tissue is thicker and has a typical Haversian system. The covering cartilage presents fibril 
tion. 
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Section through entire thickness of the articular disc reveals fibroeartilaginoas arrangement. 


Histological Examination of the Articular Formation * 

Section of the clavicular process showed spongj- bone tissue, consisting of tvide 
lacunae filled with bone marrow and covered by a thin laj'er of bone tissue; this was 
covered by a fairly thick layer of fibrous cartilage (Fig. 6). Section of the coracoid e.\-osto3is 
(Fig. 7) showed the same arrangement as in the former section, e.vcept that the laj-er of 
compact tissue was thicker and had typical Haversian sj'stems. The covering cartilage 
j. esented fibrillation. A section, cut through the entire thickness of the articular disc, 
revealed a fibrocartilaginous arrangement (Fig. 8). 

The second case was a chance discoverj- in a patient suffering from thoracic contusion, 
he patient had no complaints that could be attributed to this articulation. Figure 9 
c.iows the abnormal articulation, not so fully developed as in the first case. 

COMMENT 

Frequency of the Anomaly 

iMost authors consider the coracoclaricular joint a rare anomaly. Gniber reported 
one case with a true articular capsule among thirty-eight shoulders examined. Ponde and 
Silveira e.xamined 2,.300 roentgenograms and found onh' one coracoclaricular articulation, 
i Schhu-itch e.xamined both shoulders of sixty cadavera and found the condition only once. 
'■Qafeon saw one case in ten j'ears. Frassetto and Testut observed three cases each. We 
:amined 277 roentgenograms of shoulders (177 unilateral and 50 bilateral) and found two 
ases. The works of other authors refer to only one case each. All of these men are unani- 
mous in affirming the rariri' of the anomaU'. This rarita- is contested only by Poirier, who 
observed three cases in ten cadavera, a frequency of 30 per cent., and XuttefT who ex- 
mined 1,000 roentgenograms of adult shoulders and reported anomalous joints in twelve 
ases, or 1.2 per cent. 

An attempt has been made to explain the difference between Poirier’s and Nutter’s 
» B3- Godofredo Elejalde, M.D., of the Department of Pathology, 
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findings and those of the 
otliers. Miessen attributes lit- 
tle value to Poirier’s cases, 
because Poirier does not state 
elearl}'- whether or not he 
found a true joint, -with a 
cartilaginous lining and an 
articular capsule. 

Nutter’s statistics of 
twelve cases in 1,000 do not 
agree with those of Pond6 and 
Fig. 9 Silveira, who in 2,300 roent- 

Anotlu'r patient with tiie same anomab’^ as that shown in Fig. 1, gonograms found the anomal- 
but which lias recentW developed ivithout symptoms. ° , -n • 

ous joint only once. It is 

possible that this discrepancy is caused by the great variety of development and shape of 
the articular elements, which caused confusion among the authors as to the interpretation 
of the coracoclavicular joint. 

Schlyvitch examined sixty cadavera and did not observe any surface of osseous con- 
tact at the site of the trapezoid and conoid ligaments in forty-four cases; in eight cases 
there were contacting surfaces, but they were covered by fiborus tissue; in only six cases 
did he find a more conspicuous process of the clavicle, lined by cartilage, and a correspond- 
ing coracoid surface, also lined by cartilage. Schlyvitch did not consider even these last 
six cases as true joints, because there was no articular fissure surrounded by a capsule. In 
only one case did he find a true diarthrosis with all its constituent elements. Schlyvitch 
thinks that roentgenograms are open to criticism, and he states that the true articulation 
can be shown only by dissection. It is possible that in the cases he dismissed — with con- 
spicuous bony processes lined by fibrous or cartilaginous tissue, and an articular fissure 
but no articular capsule — the condition would be taken for true diarthrosis by roent- 
genologists, since these elements cannot be shown by roentgenograms. 

The authors, such as Frassetto, Nutter, and Gradoyevitch, who reported cases with 
roentgenographic evidence, say that the presence of a clavicular bony process with a 
facet adapted to the adjacent coracoid process, like the articular surfaces of other true 
articulations, and with a clear articular fissure, leaves no doubt as to the existence of other 
elements that could not be shown by the roentgenograms. 

These discussions are of no importance, because the point is not to recognize the 
tj'’pe of joint, but to demonstrate the existence of an articulation, be it a diarthrosis, a 
symphysis, or another type of joint. 

Clinical Importance 

The articulation may exist without disturbance to the patient, as one sees by the 
accidental discovery of the coracoclavicular articulation in roentgenograms. The authors 
who refer to these as harmless articulations could not have followed the patients to see 
whether or not the anomaly caused any symptoms later, especially at the age at which 
the joints suffer degeneration, for the anomalous joint must be subject to the same 
pathological changes as every articulation. 

According to Frassetto, this articulation is a predisposing factor in fractures of the 
sui-oical neck of the humerus through a direct or indirect blow, as this joint makes it almost 
impossible for the two bones of the shoulder girdle to separate, which is possible ^yith the 
normal ligaments to a relatively large extent. The head of the humerus comes against the 
glenoid cavity, which is practically a rigid wall and, therefore, not able to soften the blows 
transmitted through the humerus; this would strain the resistance of the bone to its ut- 
most, thus causing a greater probability for fractures. Frassetto quotes the case of a negro 
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worn;iii uitli n liilator.-il rriracoflitviciilar Jird’fiilafion. ulio fractured the Mirgical neck- of 
both himieri in two falls. 

Po'-sati pre.'cnls the case of a workman, sixty-three years of age, who complained of 
pain in hi« shoulder and had the movements of this joint restricted. The roentgenograms 
show('d many osteophyfic formations in the acromioclavicular and coracoclaviciilar joints 
and in the snrronnding area. Po':."ati considered thc.-^e osteophytic formations to be a sign 
of ost co-arthritis in these joints, due to the continual movement.s to which the joints were 
subjected in conscr|uence of the man’s work as a stoker, and to the greater rigidity imposed 
on the region by the ju-escnce of the anomalous joint. Thi.s interpretation is confirmed by 
a roentgenogram of the other shoulder, which was perfectly normal. 

Del 3'alle and Giordtuio observed a white woman, aged thirty-five, who had com- 
plained of pain in the left shoulder for one year, radiating to the mammary region, neck, 
and left arm. The pain was slight at the beginning and not influenced by analgesics, but 
gradualh' became woive with movement and was acute in the coracoid region, from which 
it radiated to the nock and axillary cavity. Occa.sionally she had an itching sensation in 
the last four fingers, followed by transient paralysis of the hand. The patient was submitted 
to different forms of treatment, without relief. At resection, a complete articulation was 
found. The complete success of the operation was confirmed a year later. The authors 
concluded that, as in the cervical-rib syndrome, there wa.s sympathetic or ple.xal pain, due 
to compression of microscopic nerves, relieved by removal of the anomalous joint. This 
hypothesis was proved tnie by the production of pain by compre.«sion of the coracoid tip 
and by analgesia after local anaesthesia. 

In our first case, no other cause of pain was found and only the anomalous joint 
could be held responsible. It is possible that this joint hinders the free motion of the 
shoulder, especially when the patient’s work involves hea\y labor, as in our case. The 
roentgenogram does not show articular impairment, but, as the patient is thirty-.seven 
years old, it is probable that he would be subject to the future development of osteo- 
arthritis of the shoulder, as mentioned by Pos.«ati. 
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DISCUSSION 

Internal Fixation for Lumbosacral Fusion 
{Continued from page 565) 

Dr. W. H. von Lackum conceived the same idea about one j'car later, and it has been employed bj' him and 
by other members of the staff of the New York Orthopaedic Hospital since then. More than two hundred 
fusions with the use of screws have been done. 

The application of this method is limited, of course, to the lumbar spine. In fusion of the fifth lumbar 
vertebra to the sacrum, the results have been excellent. The comfort of the patient after operation and the 
avoidance of the necessity for external support alone have justified it. It has been possible to get the patients 
out of bed at the end of two weeks, and the subsequent convalescence has been greatly speeded. 

When the fourth lumbar vertebra or any additional vertebrae were added to the fusion, the results were 
much less favorable. Instead of 92 per cent, success in obtaining bony fusion, the figure fell to 50 per cent. 
This was due in part to the notorious difficulty in bringing about a fusion of this joint as compared with the 
lumbosacral, which we encountered before the use of screws. It is true, also, that the introduction of screws 
into the laminae limits the amount of bone which can bo stripped from them in doing the Hibbs operation. 
This necessitates the use of large quantities of additional bone, which we obtain from the patient’s ilium or 
from the bone bank. In man 3 ’’ cases an adequate amount of bone can be obtained from the sacrum when the 
fifth lumbar vertebra alone is fused, but not when the fourth is added. Failure to employ enough bone may 
account for some of our failures. We believe, also, that placing a wafer of bone in each joint space, after 
removal of the articular cartilage, helps in securing a fusion of the lateral articulations. The point to be 
emphasized is that one should not relj" upon the screws alone, which afford onty temporaiy support. In the 
light of our present experience, we have decided to appty a plaster jacket with double spica in all cases in 
which the fusion extends above the fifth lumbar vertebra, and are not sure that it might not bo advisable to 
omit the screws from the joints above the level of the fifth vertebra.' The screws have been found particu- 
larty useful, however, in cases of spond 3 'lolisthesis, in firmty securing the loose arch of the fifth lumbar 
vertebra to the sacrum, although this method does not bridge the defect in the laminae. 

Deep infections occurred in three cases, but in onh' one was it necessaiy to remove the screws. In the 
others they did not become loose and fusion took place. 

Dr. King desen'cs much credit for devising this simple and effective method which docs so much to le.s.scn 
the discomfort and shorten the convalescence after lumbosacral fusions. 
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Its .^igntfk'.vnti; i.v thk Early DrAGXOsrs or Xecro-Arthropatha'* 
nv TIro^rAS iroRWirz. m.d., xew york, x. x. 


I'niin ilir L-ilnirntn'i: Diristnn", Ifotpilnl for Joint Xeir Yorl: Cit’j 

Tin's paper is devotcri fo tiic significance of the anatomical finding of bone and carti- 
lage debri> (detritus) in the synovial membrane as a possible indicator of the early evolu- 
tionary ^taue of neiiropatliy of a joint, notabh' in case.s in which the clinical and roentgeno- 
graphie findings, at least as far as the joints are concerned, are .still those of an osteo- 
arthritis. Attention will be focused specificalh' on five cases with involvement of the knee 
joint. In three of these, the diagnosis of neuro-arthropath.v was first suggested by the re- 
stdts of histological e.xamination of exci.sed synovial membrane. In the other two. while 
there was some clinical evidence in favor of neuro-arthropath.v, the diagnosis was sub- 
stantiated by the pathological findings. 

The anatomical findings in these five cases were controlled by a stud}' of the s^mo^-ial 
membrane from nineteen cases of fully evolved neuro-arthropathy of various joints fes- 
pecially the knee), and thirty cases of synovitis and arthritis of the knee joint, clearly not 
having a neuropathic basis. These thirty cases included twelve with osteo-arthritis (de- 
generative arthritis), nine with rheumatoid arthritis (chronic inflammator}' polyarthritis), 
and nine with one or another of various other articular lesions, such as intermittent 
hydrarthrosis or chronic sj-novitis with osteochondral bodies. 

The significant pathological finding in the five cases of early tabetic arthropathy was 
the presence of cartilage and bone debris which had evidently been ground into the s}*n- 
ovial membrane and sulisraovial tissue, and occasionally into the articular cartilage. 
On the other hand, a survey of the pathological material removed from the knee joints 
of the thirty patients without neurological disease revealed similar findings in only two 
instances, and in both of these advanced degenerative arthritis was present. Although the 
blood Kahn and Kline tests were reported as positive in one of these two. there was no er-i- 
dence of neurosyphili.s to account for the articular changes in this case. This feature (bone 
and cartilage debris ground into the substance of the sr'novial membrane and underh'ing 
tissue), which is evident even in the earliest phases of evolution of neuro-arthropathies — 
in some cases, before clinical and roentgenographic evidence is demonstrable — is indige- 
nous to all neuropathic joints, for it was manifest also in the pathological material from 
the nineteen cases in the more advanced stages of evolution (Figs. 1-C. 2-C, 3-C. and 5-A). 
However, its occurrence in an occasional case of advanced degenerative arthritis indicates 
that it is not absoluteh' specific to neuropathic joints (Fig. 5-B). 

A review of the records of the five cases of early tabetic (Charcot) arthropathy with 
which this study is specificalh' concerned reveals the difficulties entailed in diagno-is at this 
stage, even when the available information — historj'. ph 3 'sical examination, laboratorj' 
data, and roentgenograms — has been critically evaluated; and it emphasizes the signifi- 
cance of the pathological findings in each instance. 

Case 1. .A. fifty-year-old man entered the Hospital for Joint Disea-'es because of a painful sa-elling of 
the left knee, of ten months’ duration. There was no history of injury. He had had a primary- syphilitic lesion 
a number of years before. The knee demonstrated marked effusion, coarse crepitation, and limited motion. 
The blood Kahn and Mine tests were reported as negative. The Romberg sign wa.s negative, the anlde and 
knee jerks were absent; and sensation to touch in the lower extremities was diminished. Ror-ntg>-nograras 

* Work done under a Frederick Brown Research Fellowship in Orthopaedic .Surgery. 

** Heiuy L. Jaffe, M.D., Director. 
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of the knee joint showed some marginal bony lipping and an intra-articular effusion with synovial thickening 
(Figs. 1-A and 1-B). A synovectonij' and lateral meniscectomy were perfoi'med. 



Fro. 1-A Fig. 1-B 


Case 1. Anteroposterior and lateral roentgenograms of the left knee at the time of first admission 
show slight marginal bony lipping and indications of an intia-articular effusion with synovial thick- 
ening. There are no features suggestive of a ncuro-arthropath 3 ^ 



Fig. 1-C ' Fig. 1-D 


Fig. 1-C: Micro-scopie section (X30) of synovial tissue, removed at first operation, .shows the pros- 
ence of bits of cartilage and bone detritus ground into the substance of the .s\-novial membrane. 
Several islands of cartilage and bone metaplasia arc present. 

Fig. 1-D: Microscopic section (X30) of an area of villously hypertrophied synovial memlirano, 
demonstrating dilatation of numerous va.scular channels and con.siderable round-cell infiltration; 
this appears in areas as focal collection.s, .some of which are perivascular. This feature* has been re- 
ported bv Allison and Ghormle^' as specific to rheumatoid arthritis. 
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Fig. 2 -\ 


Fig. 2-B 


Ca^c 2. Anteroposterior and lateral roentgeno- 
grams of right knee show marginal bony prolifera- 
tion, narrowing of the joint space, and indications 
of intra-articular effusion with sjmo^ial thickening. 
There is a suggestion of sclerosis of the lateral 
femoral condyle and of ven- slight lateral displace- 
ment of the tibia, but the.se findings have signifi- 
cance only in retrospect, for the neurological exam- 
ination and blood serological tests were negative at 
this time. 

Fig. 2-C: Microscopic section of sjmo^ial mem- 
brane (X30) shows numerous spicules of bone and 
calcified cartilage debris, ground into the subsj-no- 
\'ial tissue. Several islands of cartilage and bone 
metapla.sia are also pre.sent. 

The pathologist reported the presence, in 
some of the e.xcised material, of bits of cartilage 
and bone detritus within the .substance of the 
sj-no'i'ial membrane, and suggested the possibility 
of a Charcot arthropathy fFig. 1-C). 

The patient was readmitted two years later 
with some pain, marked sivelling, and instability 
of the left knee, and roentgenographic evidence 
of progressive joint disintegration. Tissue removed 
at a second operation showed the progressive de- 
struction of all the articular components which is 
characteristic of a well-advanced neuro-arthro- 
pathy. 



Fig. 2-C 


Comment: Despite a history of syphilis 
and equivocal neurological findings, the 


diagnosis of a neuropathic joint, suggested bt' the pathologist, did not at first appear 
to be sustained; but it tvas upheld by the clinical, roentgenographic. and pathological 
evidence two t'ears later. 


C-\SE 2. -A man, fifty-one years old, slipped and injured his right knee, which became sivollen and 
painful. Two neurological e.xaminations during the ensuing months of his continued dbability revealed 
nothing remarkable. The roentgenograms of the knee joint (Figs. 2-.A and 2-B) were interpreted 
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Fig. 3-A Fig. 3-B 


Case 3. Anteroposterior and lateral roentgeno- 
gi-ams of right knee, taken just before s^^no- 
vectom 3 ^ Tliei’e is maiginal lipping, intin-articu- 
lar effusion, and sj^novial thickening. This was 
i-eportcd as an instance of osteo-arthritis. The 
sclerosis of the medial femoral cond 3 ’'le and the 
slight periostitis of the distal portion of the shaft 
of the femur are significant onlj'- in retrospect, in 
view of the negative blood and spinal-fluid 
serological tests and the normal neurological 
findings at this time. (The illustration for Fig. 
3-B has been reversed.) 

Fig. 3-C: Section (X30) demonstrating small 
fragments of calcified cartilage and bone within 
the s 3 movial tissue, round-cell infiltration, and 
vascular dilatation. 


as demonstrating early osteo-arthritis. At the 
end of nine months, the appearance of slight 
lateral instabilit 3 ’^ of the right knee joint and 
of altered pupillaiy rcfle.xes suggested to one 
of the examining ph 3 "sicians the possibilit 3 '^ of 
a neuropathic joint. The patient entered the 
Hospital one month later for surgical fusion 
(which has failed to take place). At that time 
the blood Kahn and Kline tests were reported 
as negative, and the spinal-fluid Kahn test as 
weakl 3 ^ positive (2 plus). The roentgenographic 
features of a neuro-art hropatln' — .s 3 -novial thick- 
ening, eburnation of the bone ends, free bone 
fragments in the joint cavit 3 ', and periostitis at 
the distal end of the femur — were evident. 
Study of tVie synovial membrane removed at operation showed, in many areas, bits of bone and cartilage 
ground into it. There were also some fragments, representing nidi of bone formation (metaplasia) (Fig. 2-C). 

Comment: A neuropathy of the joint, in its incipient stage, maj" manife.st itself long 
before any abnormal neurological findings become evident. In this case the neurologtcal 



Fig. 3-C 
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niui roc'HtiR'iioirnipliic oviclonco “mntiiref!’’ iindp’r the ol)?ervation of several competent 
examiners, ami tiie pn<sil)ility of a ncuro-artliropathy was considered onl.v nine months 
after llie onset of joint symptoms. Tliis evidence was sustained by the re.sults of histological 
study of the .synovial membrane. 

C )‘-r. 3. .\ man. fifty-two years old, injured In'- riclit knee in a fall, si.v weeks before he rame to the 
Ito'pital. The kno' was swollen and modenitely painful, and there w.as lateral instability of the fullv extended 
knei-. .'-erolopeal test-- of the blood and sirinal fluid were reported as negative. The neurological examination 
yielded normal findini:'. .V synoveetrrmy and i-xei-ion of the medial and lateral meni.=ci were performed; 
a mild po-tojM'mtive infeetion en-ued. 

Tile pathologi't at the Ho-pital. ob-erx-im: Iione and cartilage detritus ground into the sx-noxua! mem- 
brane, sugge-ted the po—ibility of a Chari'ot artliropathy (Fig. 3-C). 

At thc‘ prc'ent time, four and one-half year-- later, the p.atient admits that he has a histoiy of syphilitic 
infi'ction; certain abnormal neurological signs — a po-itive Romberg sign and -\rgT,-II Robertson pupiLs — are 
Jire.-ent. Hi- reflexes and -en-ation are still normal. Ttie original roentgenogram.- hax'e demonstrated the 
feature- of an early neuropathy of the joint only in retrospect, and were not so reported originally. They 
.-hnw some efTu-ion, very early bone condensation, and slight periostitis (Figs. 3-.\ and .3-B;. Solid bony 
fii-don has occurred in the knee which was operated upon. 

Coinwcul: Altliotigli the early clinical and roentgenographic evidence in this case 
was not interpreted as indicating the presence of a neuropathic joint, the pathologist 
suggested this diagnosis on the basis of the histological study of the sxmovial tissue. This 
was upheld four and one-half years later when the patient, admitting a past sx-philitic 
infection, demonstrated the features of early tabes dorsalis. 

C.x“E -1. A woman, .rixty-thrcc years old, was admitted to the Hospital noth a diagnosis of hx-per- 
trophic arthritis of the right knee joint, for the purpose of a sj-novectomy. Pain and recurrent sxvelling had 
followed an injury, eighteen months prexnously. During the interim, .«he had receix'ed phyriotherapy and 
non-specific protein injections and had had repeated a.«pirations of the knee-joint fluid. The earlier roent- 
genograms were reported as showing adx'anced ostco-arthritis. The blood Wassermann and Ixahn tests were 
reported as negatix'c; the spinal fluid was not examined. The results of the neurological e.xamination were 
con-'idcred to I)e negatix-e (intern’s note). On admi.'sion to the Hospital the knee was quite sensitix-e: motion 
was restricted and painful; and there was marked crepitus and some lateral instability of the fully e.xvended 
knee. The roentgenograms then showed changes — moderate effusion, osteosclerosis, free bone fragment.', 
narrowed joint space, and slight anterolateral luxation of the tibia — which suggested the possibility of a 
Charcot arthropathy. A fusion operation was performed, but the patient died of cardiac failure, one month 
later. 

Microscopic sections of the ti.'sue which had been excised in the course of the arthrodesis showed pro- 
nounced ostco-arthritic changes in the bone ends. In some areas, howex-er, the sx-noxial membrane rex-ealed 
bits of bone detritus embedded in the membrane. The capsule was thickened and, in places, demonstrated 
islands of fibrocartilaginous ti.'sue (metaplasia). 

Comment: The roentgenograms assumed features suggestive of a neuropathic joint 
only after ten months of obserx'ation, during which period the diagnosis was not suspected. 
The impre.ssion of neuro-arthropathy was sustained by the pathological findings. A review 
of the records rex'eals that no significance xvas attached to the fact that the patient had 
admitted hax'ing been treated for syphilis and that she had had eight miscarriages. 

C.xSE 5. A man, fifty-sex^en years old, sustained an injurx- to the right knee in 1940. He was a known 
syphilitic, haxing receix-ed specific antisx-philitic therapy for the preceding four years. Four months after 
his injurx- a sx-nox-ectomy wa.s performed, x\-ith remox-al of a partiallx' detached medial meniscus. Three years 
later, because of continued pain and disability, a second arthrotomy was performed, at which time the lateral 
meniscus was remox-cd. In 1946 he xx-as readmitted because of continued pain and disability in the right knee, 
and specifically for surgical fusion. There xx-as limitation of motion, but no preternatural mobility of the 
affected joint. Kahn and Kline tests of the blood and .=pinal fluid were reported to be strongly poritix-e. The 
neurological picture at that time xxas that of an “incomplete tabes dorsalis” (Argx-11 Robertson pupils, absent 
knee and ankle jerks). The roentgenograms xx-ere reported as shoxx-ing adx-anced csteo-arthriti.- xxith free 
osteochondral bodies in both knees (Figs. 4-C and 4-D). 

The histological study of tissue excised at the time of arthrodesis rex-ealed tiny, scattered bony frag- 
ments ground into the sx-nox-ial membrane, and the pathologist suggested that these might be the early 
expression of a Charcot arthropathy. 
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Comment: In this jjatient, with neurosyphilis and painful disability of both knee 
joints, more marked on one side, after an injury, the clinical and roentgenographic features 
were those of osteo-arthritis (Figs. 4-A, 4-B, 4-C, and 4-D). The diagnosis of a Charcot 
arthropath}'- was suggested from the pathological findings, and the postoperative care of 
this patient was conducted with this in mind. Failure of fusion and progressive osteo- 



Fig. 4-A Fig. 4-B 

Case 5. Antcroposteiior and lateral loentgcnogiams of light knee, taken in 1941, show marginal 
lipping, narrowing of the joint space, several osteochondral bodies (the one diiectly posteiior to the 
femoral condyle is probably a fabella), and synovial thickening. There is nothing to suggest the 
presence of a neuro-arthropathy. 



Fig. 4-C 4-D 

Roentgenogranrs of the right knee, taken in 1946, demonstrate advanced marginal lipping and 
ioint nari owing, and hypertrophy of the free bodies. The appeal anco of osteosclerosis of the dista 
end of the femur and of the proximal end of the tibia, slight lateral displacement of the tibia, and 
«ome compression of the outer lip of the lateral tibial condyle may be interpreted as evidence of 
caily neuropathy of the joint, although such changes are leadily demonstrated m moderately ad- 
vanced stages ot osteo-arthritis. 
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Fig. 5-A Fig. 5-B 

Fip. o-.A: Section of synotial membrane removed from the right knee of a man, fifty-one years 
old, at the time of surgical fusion. Patient presented positive blood Kahn and Kline tests, and clini- 
cal and roentgenographic evidence of a well-ad\’anccd tabetic arthropathy. Since then, evidence has 
developed of neuro-arthropathy in one wrist joint and in the opposite knee joint. 

Section (X30) shows the presence of bits of carl’ilage and bone debris on the surface of and within 
the sj-norial membrane. Several islands of cartilage and bone metaplasia are also present. These 
changes were widespread throughout all the histolopcal sections. On the other hand, in the early 
stages of a neuro-arthropathy, a large number of sections may have to be studied in order to i'sclo«e 
this finding (see Figs. 1-C, 2-0, and 3-Cl. 

Fig. 5-B: Action of svnorial membrane from a painfuUj' swollen right knee in a male, forty-nine 
years old, at the time of synovectomy and meniscectomy. Patient presented nonnal stability'of the 
knee joint and normal neurological and laboratory- findings: and the roentgenograms of the knee 
joint disclosed a moderately advanced osteo-arthritis with several osteochondral bodies. 

Microscopic section (X30) shows cartilage and bone debris ground into the sub-sj-no^-ial tissue, — 
changes which suggested the possibility of an early neuro-arthropathy. This suspicion nas not sus- 
tained in a clinical and roentgenographic follow-up study, two years after operation. 


sclerosis of the bone ends appear in keeping with a diagnosis of neuro-arthropathy ‘rather 
than with that of degenerative arthritis, in a patient with neurosyphilis. 


DISCUSSION' 


Diagnosis 




These cases illustrate the difficulties in the early clinical and roentgenographic diag- 
nosis of Charcot's arthropathy-. Even when the available findings are evaluated eritically, 
the diagnosis maj' remain in doubt or be overlooked. The neurological e.vamination has 
been considered the most constantly reliable of all this evidence in the establishment of 
the diagnosis of neuro-arthropathy'^-’* '''. 

.A. history of syphilitic infection or of specific antisyphilitic therapy was obtained in 
only 70 per cent, of the twenty-four cases in this study. Pain was often the predominant 
symptom, although, in the later stages of evolution of the neuro-arthropathy, it was not 
so intense as one Avould expect in view of the extent of joint destruction. Serological te^ts 
for syphilis were helpful in less than 50 per cent, of the cases. Those roentgenographic 
features which are characteristic of neuro-arthropathies may not be e\'ident in the earh'er 
stages of evolution. In the five cases recorded here the early roentgenograms were not 
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helpful, although in two of these the later roentgenograms assumed more characteristic 
features and assisted in clarifying the diagnosis. 

Pathological Findings 

The descriptions of proliferative and degenerative, or of benign and malignant, types 
of neuro-arthropathy which appear in the literature are superfluous, since these processes 
appear simultaneously or progressively in the same joint and represent different stages 
of repair and destruction. Such progressive changes were demonsti-ated in the material 
from several patients in this studj'-, where more than one arthrotom}" had been performed 
prior to clarification of the true nature of the joint disability. 

The detailed pathological descriptions appearing in the literature’ 
have focused attention on the lesion in the moi'e advanced stages of evolution, — 
that is, degeneration of articular cartilage, reactive phenomena in the revivified subchon- 
dral region, severe disruption at the cartilage-bone juncture, and the stimulus to ossifica- 
tion at the margins of the joint and in the peripheral soft tissues. The synovial membrane 
may be thickened and villously hypertrophied and may even demonstrate considerable 
infiltration of round cells, collections of Avhich closel}'- resemble the focal collections re- 
ported as specific to the proliferative (rheumatoid) type of arthritis (Fig. 1-D). 

The most striking pathological feature, manifest even in the earliest phases of evolu- 
tion of a neuro-arthropathj'', consists of the presence of collections of bone debris and bits 
of cartilage, ground into the synovial membrane and subs 3 movial tissue (Figs. 1-C, 2-C 
and 3-C). In the earlier cases, a large number of representative histological sections fron: 
the sjmovial and capsular tissues may have to be surveyed in order to disclose this feature 
it Avas demonstrated in every case of neuro-arthropathj'- in this series. The amount oi 
detritus appeared proportionate to the degree of disruption of the remaining components 
of the affected joint, and to the severity or stage of evolution of the neuro-arthropath}’- and 
of its underlying neurological disturbance (Fig. 5- A). Its presence suggests a pathogenesis 
on the basis of debris formed through the erosion of articular cartilage and subchondral 
bone, Avhich has been ground into the articular soft tissues by continued AAmght-bearing 
on a joint less sensitive than it AAmuld normally be 

This partialljr necrotic bone and cartilage detritus should not be confused AAdth e.x- 
pressions of fibrocartilaginous and osseous metaplasia AA^hich ma}’- also be evident in the 
synovial and periarticular soft tissues in these cases, but AAdiich is likeAAOse found frequently 
in cases of degenerative arthritis and particularly in cases of chronic synovitis, charac- 
terized bj'’ multiple osteochondral-body formations. That syphilis itself is not a factor is 
indicated bj'’ the absence of bone and cartilage debris in the S 3 '-novial membrane from 
a case of syphilitic gonitis and from tAAm cases of advanced degenerative arthritis AAdth 
strongly positiA'-e blood serological reactions. This feature is not to be confused AAdth the 
observation of occasional osseous fragments, lying isolated AAothin a collection of infected 
granulation tissue in cases of tuberculous or p3mgenic arthritis, and obviously the result 
of direct inAmsion and destruction of bon3'- trabeculae. It should likeAAdse not be confused 
Avith the occasional bone fragment, found free in the soft tissues in some cases of osteo- 
chondral fracture. HcAA^eA’-er, necrotic bone debris ma3'’ be found in cases of extensive 
aseptic necrosis of the bone (namely, of the femoral head) AAdthin the capsular synovial 
membrane, at or close to the capsulo-articular juncture. .HoAA’ever, in these cases the total 
clinical and anatomical picture presents no problems of interpretation. 

Treatment 

Since patients presenting the earlier phases of a neuro-arthropath3r ma3" be subjected 
to surgeiy under the mistaken impression of the presence of a “non-descript degenerative 
arthritis”, “chronic S 3 'noAdtis”, or “internal joint derangement”, the pathologist ma 3 ^ 
be the first to suggest the possibilit3' of a neuro-arthropatly^ or to substantiate the clinical 
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impression tliat siicli a condition is present. This is illustrated in the five cases reported 
here. On the liasis of such a patliological analysis, the clinical survey should be intensified 
or the patient should be followed carefully for progressive clinical and roentgenographic 
developments: or, if the pathologist’s imprc.'sion appears sustained by other evidence, the 
affected joint shoulel be protected adequately or subjected to definitive surgerj*. In ad- 
dition, this pathological finding of imbedded bone and cartilage debris should place the 
surgeon on guard as to after-care and prognosis. 

The results of surgical therapy directed at stabilizing neuropathic joints have been 
uniformly poor. This is brought out incidentally in the present study. Fusion operations 
on the knee joint failed in ten of twelve instances, while all other reconstnictive procedures, 
including synovectomy and debridement, were entirely fruitless; all fusion operations on 
the hip joint failed (three cases) ; amputation was necessarj' in the two instances of Char- 
cot’s foot with malum perforans pedis and complicating osteomj'elitis and in one case of 
Charcot’s disc.as^e of the ankle joint. 

Although the knee joint has been considered the most adaptable articulation for 
stabilization by arthrodesis, successful fusions of this joint, when it has been the site of 
a neuro-arthropathy, have been sufficienth' infrequent to warrant their report’ 

It is possible that manj* of the failures to secure bony union, despite the use of acceptable 
techniques, which have included joint excision, massive bone gi-afts, and rigid internal 
fix'ation. have been related directly to the fact that, in moderatel}' advanced and especially 
in well-advanced neuro-arthropathies, the osseous eomponents of the articulation are 
involved for a considerable distance from the articular surfaces, and thus may e.xceed the 
bounds of usual joint resection. For this reason, perhaps better surgical results may be 
anticipated if the diagnosis of neuropathic joints can be made in their earliest evolutionary 
stage. 


CONCLUSIONS 

The observation of bone and cartilage debris ground into the .s\T 30 \-iaI membrane 
appears to have diagnostic value in the early evolutionarj* stages of neuro-arthropathj- 
in cases wherein the clinical and roentgenographic features are equivocal, being still those 
of an osteo-arthritis. This feature served as the basis for the diagnosis by the pathologist 
of neuro-arthropath3' in its earlier stage of evolution in five patients, three of whom pre- 
sented no other eNudence of such a lesion; in the other two cases, the clinical and roent- 
genographic evidence was equivocal. It has been a constant finding in the pathological 
material from all patients with neuropathic joints. Furthermore, the amount of bone 
and cartilage detritus appeared proportionate to the degree of disruption of the remaining 
components of the affected joint, and to the stage of evolution of the neuro-arthropathj- 
and of its underhung neurological disease. Howe%-er. since, in a control group of thirtj- cases 
with operable lesions of the knee joint, it was also found in the material from two cases 
of advanced degenerative arthritis of the knee joint without a neurogenic basis, one 
must conclude that the observation of imbedded debris, while highlj* suggestive, is not 
altogether specific to the neuro-arthropathies. 

The pathogenesis appears to be based on the formation of debris through the erosion 
of articular cartilage and subchondral bone, which has become ground into the articular 
soft tissues bj’ continued weight-bearing on a joint less sensitive than a normal joint. 
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DISCUSSION 
Muscular Torticollis 
{Continued from page 569) 

I am willing to learn. As far as I can remember, where torticollis has been discovered before the child was 
four weeks of age, and where muscle stretching has been properly carried out, there has been no case that did 
not result in a complete cure. I feel it is our duty to keep the obstetricians and pediatricians constantl 3 ' on 
the alert to discover this condition, so that it ma 3 '^ have immediate attention. 

Dr. j. Albert Key, St. Louis, Missouri: I would like to protest against operating upon these children 
until they are at least two years of age, and until one is sure thc 3 '- are going to need surgery. I think nearb- 
all of these tumors disappear if left alone. I have not applied a cast after operation for torticollis foi- over 
fifteen 3 -ears, and I have been careful to try to completely correct the deformity at the operation. This is 
done b 3 - lengthening the muscle rather than by resecting. The clavicular portion is separated from the sternal 
portion, which is high in the neck. The clavicular portion is then removed from the clavicle, and the two arc 
sutured end-to-end as in a “Z” lengthening of a tendon. 

Dr. j. S. Speed, Memphis, Tennessee: I cannot let this paper go by without a short discussion to 
corroborate the findings Dr. Chandler has brought before you. We have very carefully watched our patients, 
and have operated upon si.x who were two months old and two who were three months old. The microscopic 
and pathological findings were identical with those Dr. Chandler has described. I am not at all satisfied with 
the explanation about the etiolog 3 -. 

As to the appropriate time for operation, I believe our enthusiasm has stimulated operation in two 01 
three weeks. On the other hand, I think six weeks is preferable; by then you will know whether the lesion is 
going to be absorbed spontaneously or not. I believe this is the optimum time for operation. 

I think Dr. Chandler’s article is a vciy definite contribution to the stud 3 -. 

Dr. Fremont A. Chandler (closing): There must be a large number of these cases. If in my limited 
e.xperience I can see 225, the number of cases seen b 3 ’’ the men in this room should run into many thousands. 

The venous supply is abundant, and during the operation there is bleeding from all directions. The aite- 
rial supply is more zonal in character. The anastomosis is abundant, even in some portions of the tumor 

itself. 
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BOXK AND JOINT CHANGES IN HEMOPHILIA 
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Tlie clianpe.-^ .'^cpn in tlip joints of persons affected by hemophilia are familiar to 
members of the medical profession. In addition, changes may be seen in the shafts of the 
long bones in some cases of hemophilia. Such changes are seen much less frequently than 
are the joint changes and, in the authors’ experience, are more severe and result in disaster 
in most instances. \'arious authors have stated their opinions regarding the frequencA- of 
joint changes in hemophilia. Lyon-Smith reported that, in 70 per cent, of his hemophilic 
patients, hemarthrosis developed before the age of two years. In more than 7S per cent, of 
the patients followed by Thomas, joint symptoms developed, usualh' during childhood; 
and in some of the remainder the joints were aflFected later. In a series of seventj'-six pa- 
tients MTth hemophilia examined at the ^layo Clinic, forty-four or 58 per cent, showed defi- 
nite e\*idence of pathological changes in the bones or joints. (There were in the files 150 
cases in which a diagnosis of hemophilia had been made in the years 1920 to 19-39. inclusive. 
Each patient in this series was graded as 1. 2, or 3 on the basis of (a) a historj' of hemophilia 
among relatives and (b) clinical and laboratorj- eAddence of hemophilia. Only those patients 
AA-ith ratings of 2 or 3 — that is, those AAith definite eAddence of hemophilia — are included in 
this series.) 

All of the forty-four patients in this series in AA-hom pathological changes deA-eloped 
in the bones and joints A\-ere males. Their aA'erage age AA-as 17.3 years. MTen first seen here, 
thirteen patients Ai'ere younger than ten years; tAA’eh'e ranged from ten through nineteen 
years; ten, from twenty through tAventy-nine years; five, from thirty through thirtA--nine 
A-ears; and four, from forty through forty-nine years. The aA'erage age is fairly high, be- 
cause the majoritA' of these patients presented themseh-es during the chronic stages for 
treatment of complications. The knoAA-n age at the onset of hemarthrosis ranged betAA'een 
four months and thirtA'-fiA'e A'ears, the aA'erage being about seA'en and one-half A'ears. 

Table I shoAA's the joints first inA'oh'ed in thirtj'-nine of the fortA--four patients, and 
Table II shoAA's the comparatiA-e frequencA- of inA'oh'ement of the indiAddual joints. It i.« 
obAdous that weight-bearing joints AA'ere iuA'oh'ed more frequenth- than non-weight- 
bearing joints, and the knee was invoh'ed about tAvice as often as any other joint. Of 
the fort3'-four patients AAdth hemarthrosis, ten or 23 per cent, had single joints invoh'ed. 
AA'hile thirtj'-four or 77 per cent, had multiple joints invoh'ed. 

Six patients AAdth unusual bone changes were included, fiA'e of whom were knoAA-n to 
haA'e hemophilia; one had some tj-pe of blood dj'serasia or hemorrhagie diathesis Avhich 
AA-as neA'er posith-eh' diagnosed. The extensiA-e changes found in the joints are familiar to 
those interested in hemophilia, but our e.xperience has led us to belieA'e that the bone 
changes, such as those seen in these cases, are much less frequent and are less famih’ar to all 
interested in the disease than are the changes in the joints. PreAdous reports in the litera- 
ture of cases AAdth extensh-e bone changes, similar to those to be reported here, are as fol- 

loAA's: 

Starker is credited bj' Echtemacht AAdth being the first to describe such a lesion. 

* Read at the Annual Meeting of The American Orthopaedic Association, Hot .'tpring;, Yirginia Jun^ 
27 , 1 & 47 . 
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TABLE I 

Primary Joint Involvement in Forty-four Cases or Hemophilia 
■WITH Bone and Joint Changes 


Location 


No. of Cases 


Knee 23 

Right 15 
Left 8 

Ankle G 

Elbow 4 

Hip 3 

Wrist 1 

Patella 1 

Phalanx 1 

Not given 5 


Total 44 


In Stai’ker’s case of hemophilia, a lai-ge tumor of tlie right thigh had developed; this was 
probed and a considerable amount of blood was evacuated. The patient died ten da3^s 
later, and Echternacht quotes from the postmortem notes: “There was erosion of the 
cortex and spongiosa beneath the hematoma at the lower end of the femur. Calcified 
connective-tissue strands extended from the cortex to the elevated periosteum on the 
anterior surface. Histologically no evidence of neoplasm was seen.’’ 

Reinecke and Wohlwill reported extensive subperiosteal hemorrhages in a man, aged 
twent3'’-seven jTars, with hemorrhage into the knee. The disease ran a variable course, 
but the patient died after three months in the hospital. A complete report of the post- 
mortem findings was given. Roentgenograms showed erosion of the bone, “as seen in cases 
of aneiuysm against vertebrae or sternum’’. The diagnosis at necropsjq as translated, was: 
“Hemarthrosis of the right knee. Bone erosion on the medial condjde of the femur and 
tibia, new and old subperiosteal bleeding, anaemia, acute lung emphysema. Streptococ- 
caemia.” An excerpt from the extensive description of the microscopic findings is as follows: 
“Surprising is the picture of the surface of the cortex. Here we see nowhere a continuous, 
compact bony layer. At the upper and lower edges of the hematoma, as ivell as where the 
periosteum is still attached and where it is lifted up by hematoma, we find numerous bone 
spicules, at times surrounded by osteoblasts, attached to the bone, and between them cellu- 
lar bone marrow, hei’e and there still containing some pigment cells. The border between 
this new-bone formation and the old cortex is not a smooth surface, but the spongy spicules 
are attached irregularly to the cortex and also irregularly enter cellular marrow spaces into 
the cortex. 

“In the region in which the hematoma lies directly on the bone one can see how the 
blood, or rather the granulation tissue formed from the blood, has perforated the surface 
of the bone and entered into it. A few bone fragments have been separated by this process 
entirelj'’ and become necrotic. Around these lost fragments, as well as the ones still con- 
nected with the cortex, one finds giant cells Avith lacuna formation by erosion.’’ * 

Firor and Woodhall presented a case of a ivhite boy, sixteen years old, ivith pain and 
swelling of the right thumb of eighteen months’ duration, which they believed “to repre- 
sent the end stage of a traumatic hemarthrosis of hemophilic origin in a small articulation ’’. 
Their case is similar to Case 4 of this series. 

Becker reported two cases of so-called resorption tumors which he also called hemo- 
philic pseudotumors. One of these lesions had afflicted a man, fifty-one years old, of a 
family knoAvn to have a tendency to hemorrhage. A few years before he had been kicked 

• Transl.Ttion Ev Dr. A. R. Fils. 
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I'ltrQi-Ksrv Of Joint Involvi.mkst in Fortv-foor Case« of Hemophilu. 
ITII Hone \nd Joint Ch kNCE.« 


Location 

Xo. of Cases 


45* 

Elbow 

2S 

.Inkle 

26 

Hand 

1.3 

Hip . . 

S 

Wri't . . . . 

5 

PatiOla . . . . . 

4 

Phalanx . . . . . 

3 

Pacr.il spine . - . . 

1 


* In some both knce^ ucre involved. 


in the thigh liy a horse. This had lieen followed by the development of a large hematoma. 
Within nine month.c a tumor appeared and enlarged slowly. Ex-ploratorj* operation was 
performed. .\ tumor was found, involving the muscle and extending down to the femur. 
The patient died thirteen days after operation, of tetanus. A translation of the pathologist's 
report on the tissue was “proliferation of fibrous tissue containing blood pigment, ne.xt to 
foreign-body giant cells, and granuloma formation around foci of hemoglobin as well as 
lipoid-containing cells".* A second case involved a man of twentj'-three j-ears, knovra to 
have hemophilia, who had a gradual swelling of the thigh. Needle biopsy was followed by 
severe bleeding. The roentgenogram showed a well-defined radiopaque mass, distal to the 
lesser trochanter. The cortex appeared to be ruptured, as would occur in periosteal sarcoma. 
Biop5\' of a node from the inguinal region revealed many pigment-containing cells, but 
nothing else. 

Echtemacht reported the case of a white boy, thirteen years old, who was a known 
hemophiliac with a historj- of repeated hemorrhages into various joints. He was finallj- 
admitted with a painful swelling of the anterior surface of the left tibia, just below the knee. 
This had followed a slight injury-, three months prer-ious to admission. Roentgenotherapr* 
and transfusions failed to arrest the enlargement of the tumor, and an exploratoiy- opera- 
tion revealed an e.xtensive hematoma. No neoplastic tissue was found. Finally- a disarticu- 
lation through the knee was performed and death ensued. The specimen showed “large 
subperiosteal hematoma rvith massive necrosis of the underlj-ing bone and necrosis and 
infection of the overh-ing skin”. 

Among the six patients in this series with unusual bone changes was one with involve- 
ment of the phalanges of the thumb, one with involvement of the olecranon, and four with 
involvement of the femur. In each case the involvement was monostotic. In all cases the 
most nearly adjacent joint was involved to some extent, and reasonable doubt maj- exist 
as to whether the bone changes were secondary- to hemorrhages within the joint or whether 
thev were due to primaiy- hemorrhages u-ithin the bone or in the subperiosteal tissue ad- 
jacent to the bone. 

REPORT OF CASES 

C.ASE 1. A young man, nineteen j-ears old, first registered at the Mayo Clinic on .tpril 15, 1927. His chief 
complaint was intermittent pain and swelling with stiffness of the elbows of two and one-half years' duration. 
The mother, who accompanied the patient, stated that the patient’s father’s brother was a bleeder and also 
his father’s brother’s son. The patient had had frequent attacks of nosebleed, for relief of which epinephrine 
packs were required, up to two or three years before admission. Hemorrhages from small cut.= la.^ed up to 
half an hour and were controlled only by pressure. Two years before admision the patient had had whooping 

* Translation by Dr. A. R. Pils. 
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I Fig. 1-A Fig. 1-B Fig. 1-C 

Fig. 1-A; Case 1. Moderate swelling of the left thigh. 

Figs. 1-B and 1-C: The femur in 1927, seven years before deatli. Lateral view (Fig. 1-B) shows 
enlargement of femur from subperiosteal calcified liematoma. Anteroposterior view (Fig. 1-C) shows 
erosion of corte.v along medial surface. 

cough, during the course of which swelling and pain in the thigh developed. The swelling was present at the 
time of his admission to the Clinic, but it was not painful. For about the same period of time the patient had 
had recurrent attacks of pain and swelling of the elbows, with limitation of motion. He had also had pain in 
the left groin, three years before admission, with a palpable mass which he thought was due to hemorrhage. 
Examination showed swelling of the thighs (Figs. 1-A, 1-B, and 1-C); movement of the elbows was limited to 
160 to 130 degrees on the right and 170 to 140 degrees on the left. The follondng laboratory findings ivere 
noted; hemoglobin 66 per cent.; erythrocytes 4,270,000 and platelets 228,000 per cubic millimeter of blood. 
The coagulation time was ten minutes and the bleeding time twelve minutes. A Wassermann reaction ivas 
negative, and clot retraction was complete at the end of two hours. The patient was seen by a consultant in 
hematology, who made a diagnosis of hemophilia. No treatment was advised. 

Several years later, in 1933, the patient wrote that he continued to have trouble with the thigh and the 
elbow joints. He stated that his thigh was thirty-two inches in circumference near the groin and twent 3 "-eight 
inches above the knee. 

On April 3, 1934, the patient’s physician wrote that the patient had died a few days before and that 
permission had been obtained for a partial autops}'. He stated: “While our sections are not j-et completed, I 
am positive that this enormous tumor was merelj’^ a subperiosteal hemorrhage. There was no arteriovenous 
aneuiysm, nor anjUbing that looked like sarcoma, grossly.” 

Later the protocol of the necropsj’^ was forwarded to us, but unfortunatelj" the roentgenograms had been 
destro 3 'ed and no copies had been made. The following is an e.xcerpt from the protocol: “Examination icveals 
the bod 3 ' of a young male adult about twent 3 '-five 3 ’-cars of age, with moderate oedema of the lower portion 
of the abdomen and the left flardv. The entire left leg and thigh are cnormous)y swollen, the enlargement being 
most marked from the region of the hip to a short distance below the knee. Circumference at mid-thigh is 
thirt 3 --two and one-half inches; just below the greater trochanter it is thiity-one inches; and at the knee it is 
twcnt 3 '-cight inches, 

“On the lateral aspect of the left knee is an ulceiated aica of about three or four inches, in the center of 
which is a sinus tract, leading to the deeper tissues and having an e.xternal opening about one inch in diametci. 
The base of the ulcer is covered b 3 ’ gelatinous material. Several areas on the anterior and lateral aspects of the 
upper thigh are denuded of the superficial la 3 'ers of skin, but ulceration has not occurred. The entire left leg is 
boggy and somewhat fluctuant. The leg is oedematous below the knee. . . . 

“Abdomen; Examination made through an incision from the umbilicus to the S 3 'mph 3 'sis pubis. There is 
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Fig. 2-.V Fig. 2-B Fig. 3 

Figs. 2-.-V and 2-3: Case 2. .Anteroposterior and lateral roentgenograms shorv e.’rtensive destruction 
of femur mth pathological fracture.s (eight years before death). 

Fig. 3: Case 3. Destructive change in olecranon process. 

a -mall amount of straw-colorcd fluid in the abdominal ca\ityand a few enlarged gbnds along the iliac vessel', 
i.nlarged glands are present in the mesenten.' of the ascending colon. . . 

•‘The liver is normal in appearance and of normal size, ^■o endence of metastases can be discovered. The 
spleen is also normal in appearance and size. Both kidnej-s are somewhat enlarged. 

“Left Lower Extreipity: Incision along the lateral aspect of the thigh, from the anterior-superior spine 
to a point just below the knee. The tissues are everjTvhere oedematous. Little or no muscle remains beneath 
the fascia lata. An enormous mass, ha\-ing the appearance; of liver and containing numerous small, hard 
nodules, completely surrounds the femur. Lateral to the trochanter is the opening of a large canty that leads 
to the peine cavit}'. The liver-like mass surrounding the feinur is endentlj’ an organized blood clot. About 
four inches below the trochanter is a fracture of the femur, split anteriorly, with some outward bowing. There 
i- some displacement of the upper fragment. There is no c^adence of callus. The entire femur is rough and 
‘•omewhat smaller in diameter than would be e.xpected. There are numerous flat, sharp spicules of bone, 
radiating outward from the periosteum like the spokes of a wheel. 

“Surrounding the entire mass is a thick membrane, apparently the periosteum, which has been lifted 
away from the bone by the hemorrhage. Sections were taken from the upper and lower fragments of the 
femur. 

■‘The femoral vessels are greatly thinned, being compressed between the fascia lata and the periosteum. 
There is no communication between them. 

“Anatomical Diagnosis: Enormous organized subperiosteal hemorrhage invoHing the entire left femur, 
with overgrowth and absorption of bone. Secondarj- infection and ulceration of soft parts." 

Case 2. A white man, aged fifty-one years at the time of his first admission to the Clinic on Xovember 
7, 1935, complained chiefly of a tumor of the right lower extremity and of inability to use the limb well rince 
a fracture had occurred, three years before. In 1910, twenty-five years before admission, the patient had been 
kicked on the right thigh by a horse. The thigh swelled to about twice its usual size. This swelling lasted for 
two '’r three months, gradually subsiding; finally only a lurap^ three centimeters in diameter, could be felt on 
the medial aspect of the lower end of the thigh. This lump rcniained for about twelve years and then began 
giadualK’ and painless!}' to grow larger, until in 1932, three years before admission, the tumor had become 
about two-thirds its size on admission (twenty-five and one-half inches in circumference). In September 1932, 
as the patient roped a horse, the femur was fractured at the site of the swelling. He was treated by traction 
for sixty days. During this time there was some “discharge from the wound”, but the wound healed. The 
patient was able to be up and about ndth crutches, but was imable to bear weight on the right lower extrem- 
ity. The e.xamination revealed a huge enlargement which involved two-thirds of the right thigh. The 
lesion was painful and quite tense. Roentgenograms (Figs. O-A and 2-B) showed a peculiar destructive 
process, invoU’ing the lower half of the femur. The measpreraents of the two lower extremities were 
follows: 
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Right Lower Extremity Left Lower Extremity 
(Inches) (Inches) 

Length 373^ 3SM 

Circumference of thigli 

Upper 193^ ' 173^ 

Middle 22^ 17 

Lower 253^ 143^ 


The patient was found to have purpuric lesions of the skin. 

The following laboratory findings were noted: hemoglobin 14 grams per 100 cubic centimeters of blood; 
erythrocytos_4,560,000 and platelet count 25,000 to 72,000 per cubic millimeter of blood. The coagulation 
time was fourteen minutes. A chest roentgenogram showed a “dense lobular mass, definitely intrathoracic, 
lying at the level of the fourth, fifth, and sixth ribs in the right axillary line, calcified, encapsulated empj'ema. 
Thickened pleura, right base, with diaphragmatic adhesions.” 

A needle biopsj'^ of the tumor mass was performed on December 4, 1935, and necrotic hemorrhagic tissue 
was found. . 

A final diagnosis of purpura hemorrhagica was made and .splenectomy was advised, but the patient 
refused this. Roentgen-ray treatments were given over the tumor, but at rc-examination after a three-month 
interval no objective improvement was seen. 

The patient later reported some improvement as a result of the roentgenotherapy. However, in March 
1939, four years later, his wife wrote that “he had convulsions again, caused by the tumor on his leg”. A 
letter fi-om his wife, in April 1944, stated: “On September 2 the blood tumor on his leg broke and he died 
September 13, 1943. He practically bled to death. The leg was thirt3'-nine inches around.” There was no 
postmortem e.xamination. 

Case 3. A white man, aged twenty-seven j'ears, registered at the Clinic on August S, 1929. He stated 
that his father and two cousins on his mother’s side “bleed easilj''”. The diagnosis of hemophilia had beer 
made previously’’ by the patient’.s uncle, a practising phj’sician. The patient had had two severe hemorrhages 
from cuts and injuries. He had had a number of liemorrhages into the right elbow, which caused it to swell 
and to become painful after exercise. 

Examination disclosed crepitation of the right elbow, especiallj’ on pronation and supination. Roent- 
genograms showed a cy’stic area in the right olecranon process with some irregularitj’ of the joint surface 
(Fig. 3). The hemoglobin was 65 per cent. (Dare); eiythrocydes 4,600,000 and platelets 172,000 per cubic 
millimeter of blood. The coagulation time was three minutes and the bleeding time two minutes. 

No follow-up studies were obtained in this case. 

Case 4. A white boj’’, aged nine j^ears, first registered at the Clinic on Januaiy 21, 1932. Four weeks 
prior to.admission, the patient had cut his right hand with a knife. The hand had been bandaged tightlj’, but 
hemorrhages had occurred four times, with the formation of hematomata in the palm of the hand. With the 
aid of four transfusions and dressings, bleeding was controlled and the wound healed. 

The patient returned in April 1935. He had noticed a gradual cnlai'gement of the right thumb over a 
period of eighteen months. A bluish discoloration had taken place (Figs. 4-A and 4-B). Roentgenotherapy 
was given over the affected thumb. The patient returned again in June 1937. There had been a gradual en- 
largement of the thumb. Examination revealed a thumb four or five times as largo as normal, with a bulbous 
swelling of the terminal phalanx (Fig. 4-C). The swelling appeared cystic and seemed to contain a blood clot. 
An area three centimeters in diameter was apparent over the nail, which was black (Fig. 4-C). The coagula- 
tion time-was twenty-four minutes, the ciythrocj'tes numbered 4,130,000, and the platelet count was 91,000 
per cubic millimeter of blood. 

On Julj' 2, 1937, the patient was given a transfusion of 150 cubic centimeters of citrated blood. The next 
daj’, amputation of the thumb was performed through the proximal end of the proximal phalanx. A large 
cj’stic cavitj’ was noted in the bone, which was full of blood (Fig. 4-D). The bleeding points were easily 
caught and ligated. Very little bleeding occurred from the soft tissues. A pressure dre.ssing was applied after 
closure of the wound. The hand was dressed in nine day's and no bleeding was encountered. The patient was 
dismissed eleven days after the amputation. In November 1946, his sister wrote that he had had no more 
trouble with the thumb, but had had numerous hemorrhages of the joints, stomach, kidneys, and bowels. 

Case 5. h. white physician, aged thirty’-seven years at the date of first registration, in July’ 1931, gave a 
family’ history’ of two brothers with hemophilia; of one brother, then dead, who apparently had had hemo- 
philia; and of three paternal half brothers who were non-bleeders. The mother had four brothers who were 
bleeders, and all died of hemorrhages before the age of twenty-five y’ears. The patient thought his maternal 
grandfather may’ have had hemophilia. The mother’s sister’s two sons had hemophilia, and anothcrsister 
had one son who was a bleeder. Five sisters of the mother had sons who were non-bleeders. The patient had 
one daughter and one son who were not bleeders. 

At the first admis.sion the patient gave a history of repeated liemorrhages from the gums, nose, and .so 
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Fig 4-A Fig -FB 


Fip. 4-A: Ca?e 4 Destructnn of terminal phalaav of thumb at time of admi'=ioa in U35. 
Fig. 4-B: Destruction of both phalange^ of thumb in 1937. 



Fig. 4-C Fig. 4-D 


Fig. 4-C: The thumb at time of admission in I93i. 

Fig. 4-D: Specimen removed, the extensive blood clot within the expanded thumb should li" 
noted. 

rth, usually stopped by pressure. .At that time the right knee «as “stifi”, but there nas no hL=torx' of 
ouble n-ith the femur. 

•At the time of the patient’s second admission, in .April 19.3S, he was referred by a surgeon nho stated 
at he had first seen the patient five months previouslv, after a fracture of the right femoral shaft. It was 
e opinion of the referring surgeon, as well as that of the patient, that the fracture was a combined traumatic 
id pathological fracture. The roentgenograms showed an area of considerably lessened density of the shaft 
I the site of the fracture (Fig. 5-A). .A cast was applied for ten weeks, but no callus developed and another 
,st was applied. .After another interval of about the same time no evidence of callus formation was noted, 
id there was evidence of actual erosion through the cortex. It was the opinion of the surgeon who refem-d 
le patient that the lesion “may have been due to areas of hemorrhage within the shaft”. The patient gave a 
storj- of frequent intramuscular hemorrhages within the thigh. 


30.x, XO. 3. JULY lots 


596 


R. K. GHORMLEY AND R. S. CLEGG 


The patient returned at intervals of from one to three months during the next four and one-lialf years. 
At each visit a transfusion was usually given; a east was applied to the extremity from the groin to the 
ankle, and over this a walking caliper brace was Worn (Fig. 5-B). 

At the time of his last admission, in November 1942, the patient stated that he had been fairly well 
until two months before, when something in the lower extremity seemed to give way; since then he had had 
continual pain and he could feel the fragments of the femur grate together. Finally blood began to seep 
through the cast, so he made a window in the cast and found an ulcer. lie stopped work, received some plasma 
transfusions, and finally the bleeding from the ulcer was controlled. Further bleeding took place, and the 
patient received further transfusions of plasma. His general condition became worse and lie felt weaker. 

Examination on admission revealed two sinuses on the lateral aspect of the knee, with foul-smelling 
discharge and blood coming from them. Roentgenograms revealed almost complete destruction of the 
femur. Repeated transfusions were given, but the patient grew progi'essivel 3 ' woi'se and died thirteen da.ys 
after admission. 

The following excerpts are from the protocol of the postmortem examination: “The right knee is 
ankylosed at ISO degrees. There is an ulcer, measuring four by eight centimeters, over the lateral aspect 
of the lower third of the right thigh. The margins are covered with necrotic tissue [Fig. 5-C]. 

“This ulcer communicates directly with a large cavit 3 '', extending upward to the juncture of the upper 
and middle thirds of the femur and downward toward the knee. The anterior and lateral walls of the femui 
in its lower two thirds are absent. The edges are ragged and present a moth-eaten appearance. The marrow 
cavity is greatly expanded, with thinning of the cortex in a number of places. It is estimated that there arc 
about 1,000 cubic centimeters of disintegrating clotted blood, apparently segregated in multiple loculi, par- 
ticularly in the marrow cavity. The femur is fractured at the juncture of the middle and lower thirds, but 
the fragments are held together by a few bands of fibrous tissue. The right knee joint is also filled with dis- 
integrating blood clots. 

“The section of the C 3 'st wall shows a fibrous periosteum in which a few vessels are present. The under- 
l 3 dng cortical bone is thin, and in the marrow .spaces normal bone marrow is replaced by loose connective 
tissue with numerous blood vessels. Osteoblasts and osteoclasts are greatl 3 ’' increased in number. Internal 
to the cortex there is a great increase in this connective tissue, which is cxtrcmel 3 ’’ vascular. Numerous 
fibroblasts and young blood vessels are present, forming an irregular area of granulation tissue. In some 
areas the fibrous tissue is denser and surrounds spicules of bone which are undergoing degeneration. Inter- 
mixed with the granulation tissue are many macrophages containing pigment, some of which stain blue 
with the iron stain. Others arc unstained and probabl 3 ’’ contain hematoidin. ^ 



Fig. 5-A Fig. 5-J3 


Fig. 5-A: Case 5. Anteroposterior and lateral views of the femur, five months before admission in 193S. 
Fig. 5-B: Appearance of femur four months before death of patient. 

Fig. 5-C: Anteroposterior and lateral views of the femur, removed at necrops 3 '. The bone was eroded 
extensiveh- and surrounded 1 ) 3 ' a mass of fibrous tissue. 

Fig. 5-D; n: Section (X 20) made through margin of bone shows spicules of bone and fibrous tissue. 
b: Showing invasion of bone by fibrous tissue (X U5). 
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Fig. 6 -A Fig. 6 -B 

Case 6. Lateral and antei'oposterior views of small area of absorption in shaft of femur. Erosion 
may be noted on medial side of femur. 



“Section of the bone near the frac- 
ture shows numerous trabeculae of bone 
with fragmentation of bone spicules; in- 
termi.ved with them are areas of degen- 
erating cartilage and solid masses of 
fibrous tissue, some of wliich is under- 
going degeneration, also. The marrow is 
hyperplastic, with a great increase in all 
cell lines [Fig. 5 -D]. 

“Sections of muscle at the fractui-e 
site show varying degrees of replacement 
of the normal muscle b}'' fibrous tissue 
and, in other places, degeneration of the 
muscle cells with marked increase of 
myonuclei ; in other areas there is actual 
necrosis of muscle cells. In surrounding 
areas and sometimes intermixed with the 
areas just mentioned are collections of 
macrophages, 13'mphocytes, and plasma 
cells; and associated with them are large 
numbers of cells containing both dark 
brown and light 3’ellow pigment, corre- 
sponding to hemosiderin and hematoidin, 
re.spectivelj'. In other areas of the muscle 
there is hemorrhage within the muscle tissue and necrosis of the muscle cells, giving the appearance of ac- 
tual infarction of the muscle cells. 

“Section of the skin, at the area of ulceration overljdng the bone c\"st, shows dense accumulations of 
granulation tissue, underlying thin epithelium which is apparently attempting to cover the granulation tissue. 
In the granulation tissue in this denser area are numerous macrophages which contain pigment; deeper in, 
towards the cyst, there is necrosis of tissue; and between that and the granulation tissue is a thin, irregular 
grouping of neutrophils, as well as lymphocytes, plasma eells, and macrophages.” 

C.\SE 6. A boy, ten years old, first registered at the Clinic in 1928, complaining of pain and swelling of 
several joints, which had been present for eight .vears. A second admission in 1929 and a third in 1934 were 
noted, but no specific treatment was given. He returned in 19.37, with the recommendation of a dentist m 
his home community that he have three teeth extracted. One tooth was extracted, but the patient’s bleeding 


Fig. 6 -C 

Specimen shows extensive hemorrhage into knee joint 
and into marrow cortex of femur. 
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could not Iw ,-to])i)fd in spito of tnm^fu'ion^, adminU-tnition of neohomoplastin, epinephrine packs, and so 
forlli. On tile fourth day the- patient died. 

Hin'iityenocrani'- taken in lOdI showed a de-triictive area in the lower portion of the left femur fFigs. 
G-.\ and tVBi. On iio-t mortem examination tlie ox'al area of rarefaction in the cortex of the distal third of 
the fianiir wa'- found to he tlie site of a hemophilic hone cx-st which had dcx'eloped during the prexdous six 
years. I'igun- IVC shows the knee almost completely filled with old hemorrhage. The joint sx-nox-ial membrane 
was gro"ly thickened and darkened, and showerl evidence of hemosiderin depasits in many places. Hj-per- 
trophii'd synovial tac' extended into the intra-articular .spaces, and in .some places the jointeartilage was 
markcxily thinn('<l. 


y DLSCU.s^SIO.V 

Tlio .six case.s reported Iicre in some detail seem to be examples of tbe so-called hemo- 
philic pscndotumor. These cases are similar to those previously noted in the literature. 
One. Case d, is very similar to that reported by Firor and Woodhall. In one othercase the 
olecranon xvas inx'olved; unfortunately, tve have been unable to trace this patient and 
cannot tell what changes have developed. In four eases the lesion involved the femur, and 
all of these patients are now dead. Three died from the effects of the pseudotumor of the 
thigh with subsecpient fracture of the femur, erosion of the mass through the skin, and 
terminal hemorrhage with infection. In Case C the patient died of hemorrhage following a 
tooth extraction, but the changes in the roentgenogram and the findings at necropsy would 
indicate the beginning of a process similar to those which developed in the other cases of 
“pseudotumor" of the thigh. 

We have already stated that it is impossible for us to determine whether these 
hematomata were extensions of hemorrhage from a neighboring joint, or xx-ere subperiosteal 
or intramedullarx- in their origin. The case of the phj-sician. which was followed most 
closely and ox'er the longest period of time, xx’ould indicate that the hemorrhages, at 
least in this case, xx-ere intramuscular and subperiosteal and caused destruction of the 
, bone more by pressure erosion than by an\- other action. It is impossible for us to state 
xx’hether or not there may be any “chemical effect”, as postulated by Reinecke and 
Wohlxx-ill. 

Muller reported the results of roentgenotherapx' in two cases (one of these was Becker’s 
first case, alreadx' cited), and arrived at the conclusion that irradiation had influenced the 
resorption tumor primarilx' by changing the reaction of the reticulo-endothelial sx'stem, as 
xx-ell as by influencing the products of cell destruction. Others hax*e maintained that the 
roentgen rays influence the constitution of the blood. In the one patient in this series who 
xvas treated by roentgenotherapy, no improvement xxns noted. 

CONCLUSIONS 

On the basis of the cases reported, it would seem reasonable to conclude that these 
pseudotumors may arise, first, from hemorrhages originating in the joint, extending along 
the bone to produce pressure erosion ; second, from subperiosteal hemorrhages, which may 
at first lead to formation of nexv bone and later to absorption and destruction of bone; and 
third, from cortical or medullarj' hemorrhage, which may lead to cx'stic changes and later 
may destroy the bone or lead to fracture and further hemorrhage. 

It is difficult in anx' one case to state accuratelx' xvhich route was followed. On the other 
hand, it seems important to be able to recognize the condition early enough so that the 
destructix'e changes max' be kept under control. 
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DISCUSSION 

Dr. William T. Green, Boston, Massachusei’ts; Wc are indebted to Dr. Ghormley and Dr. Clegg ^ 
for focusing our attention upon the skeletal complicalions of hemophilia, and particularR for presenting the 
bizarre picture of pseudotumor as one of the more rare lesions in the disease. 

Of the major complications secondary to hemophilia, those of the skeletal system are most frequent and 
often most serious. The “hemophilic joint” is familiar to us all, — repeated acute episodes of hemorrhage into 
a joint, progressive degeneration of the articulation, and increasing disability. Each episode of hemarthrosis 
increases the pathological process in the joint, which in turn, with its progression, increases the likelihood of 
recurrent hemorrhages. 

Another less common musculoskeletal manifestation, which should be emphasized particularly in relation 
mth pseudotumor, is that of massive acute hemorrhage beneath the deep fascia, with impairment of the 
circulation distal to the area of hemorrhage. We have seen several instances of \''olkmann’s contracture, 
affecting either the upper or lower extremity. In one patient in this category, with whose record we arc fa- 
miliar, amputation was necessary because of gangrene of the foot. 

In all of these complications — the hemophilic joint, Volkmann’s contracture, and pseudotumoi — the 
tendency is to develop an interest in the process at too late a stage in its evolution. Hemorrhage into the joint 
of a patient with hcmopliilia warrants attention at the stai’t, as docs any considerable degree of bleeding be- 
neath the deep fascia. On these occasions, the clotting time should be brought down and kept down until the 
acute episode has passed. The most effective way to do this is by small transfusions of blood or plasma, which 
should be fresh, not stored. These may be necessary as often as every six hours, as guided b}'' the venous clot- 
ting time. 

One of the fractions of plasma, obtained by the process of Cohn and his associates, the so-called fraction 
1, has been found by Diamond to be appro.ximatclj' ten times as active as plasma in reducing the clotting 
time. However, considerable difficulty has been encountered in preparing the fraction so that it is dependable. 

It is not available on a commercial basis, but it is a step in the right direction. 

Local measures affecting the part are likewise important; a judicious choice must be made as to the use 
of rest, traction, immobilization of short duration, motion, and gradual resumption of activity. If any consid- 
erable amount of blood is present in a joint, aspiration and inigation are indicated, once the clotting time has 
been reduced to normal limits. 

The pseudotumor, in its full-blown character described b 3 ^ the authors, I have not seen. Its mechanism 
in most of its phases seems evident, and illustrates the tendenej' for hemorrhage to recur after a certain stage 
in the local process has been established. This adds emphasis to the idea that attention should be given to 
these local processes before it is too late. Concealed hemorrhage of any considerable amount should be 
considered as much of an emergencj" as “open hemorrhage”. 


Dr. Guy A. Caldwell, New Orleans, Louisiana: The report of Dr. Ghormlc}'' and Dr. Clegg adds 
six cases with unusual bone changes to the small group of similar cases hei'etofore reported. 

The authors state that “it is impossible for us to determine whether these hematomata were extensions 
of hemorrhage from a neighboring joint, or were subperiosteal or intramedullary in their oilgin”. Other cases 
that have been reported have shown, in their roentgenograms, areas of absorption and rarefaction in the 
ejiiphj'-ses and diaphj^ses of various bones. Dr. Key believes that these are the result of intra-osseous hemor- 
rhage. Most observers raise the question as to whether or not hemophilic blood contains some particular ele- 
ment which is pcculiarl 3 ' destructive to bone and cartilage, but no one, thus far, lias identified such an clement. 
From the viewpoint of diagnosis and treatment, it is important to bear in mind that joint changes and bone 
changes arc frequent in cases of hemophilia. The lesions ma 3 ’’ closel 3 '' simulate the changes seen in chrome 
arthritis and, when thc 3 ^ occur on the shafts of bones, ma 3 ' be mistaken for osteogenic tumors. 

Erroi-s in diagnosis and treatment arc not likeh’ to be made Avhen the patient gives a clear-cut history ol 
prolonged bleeding from minor cuts and of similar tendencies in other members of the famifv. However, the 
dcla3- in coagulation is the onl3’ abnormal factor in the blood of such patients and, since it may be almost nor- 
mal at times, more than one test should be carried out when there is reasonable question of hemophilia. 1 he 
blood should be drawn from the vein rather than from the lobe of the ear or the fingers, because, when mixed 
with tissue juices, the coagulation time ma3' be quite normal. The etiological factor responsible for the de- 

[Conliniird on page 630) 
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iiv M. iu;cki;tt nowouTii. m.d., nkw york. x. v. 

Coxa plana is a disoase of tlio hip. usually occurring between the ages of four and ten 
years, and running a self-limited course. It is characterized by degenerative changes in the 
ejjiphysis of the femoral head, due to a circulatory disturbance. The name coxa plana is 
mt altogether .satisfactory, as it does not include the earliest stage or all the changes of 
the disease, but it is the best name so far .suggested. The condition is also known as Legg- 
Perthes disease or f’alve's disease, osteochondritis deformans juvenilis, and aseptie 
iccrosis of the upper femoral epiphysis. The term aseptie necrosis is not accurate for 
lescribing either the pathological or rocntgcnographic features of the disease, and should 
ie discarded. Coxa plana is one of a group of diseases, the osteochondroses, which include 
■lipping of the upper femoral epiphysis, co.xa magna Osgood-Schlatter disease, apoph}'- 
utis of the calcaneus. Kohler’s disoase. Freiberg’s di.sease. Kienbock’s disease, and epiph}*- 
dtis of the spine (Scheuermann's disea.se). The 3 ’ are all characterized b\' degenerative 
■hanges, due to circulatorj' disturbance, but occur at various ages in various epiphj'ses 
jr small bones. The age diiierences of the osteochondroses are e.xplained bx' the varjing 
Yulnerabilitj' of the local circulation at different ages. Degenerative changes similar to 
those of coxa plana ma\’ be produced, however, bj- circulatory- damage at other ages.— for 
example, after slipping of the upper femoral epiphj-sis or fracture of the femoral neck. 

Coxa plana is frequently encountered in orthopaedic practice, some 115 cases having 
been seen in various stages of the disease at the Xew York Orthopaedic Hospital during 
the ten years from 1935 to 1944, inclusive. A careful study of these cases has been made, 
and forms the basis for this report. An earlier report was made by Ferguson and Howorth 
in 1934k 


CLIXIC.tL FE.YTURES 

Coxa plana is more common in boys than in girls (85 per cent, in boy's, 15 per cent, in 
girls) ; the reason for this is not known. It is unilateral in 90 per cent, of the cases, and 
occurs about as often in one hip as in the other. The physical type of the child appears to 
have no relation to the disease, and only an occasional case presented a definite endocrine 
disturbance. Co.xa plana may occur during the course of treatment of congenital disloca- 
tion of the hip in about 25 per cent- of the hips, as a result of immobilization in a position 
of tension, particularly e.xtension, abduction, and internal rotation. This position “wrings 
out” the blood vessels and interferes with the circulation, resulting in degenerative 
changes. The capsule and vessels are most relaxed at 90 degrees of flexion in the neutral 
lateral and rotary' positions. 


ETIOLOGY 

The cause of coxa plana is not definitely known. Occasionally it is present in more 
than one child in a family', but no definite familial or hereditary relationship has been 
found. There is little or no ei-idence to favor the hy'pothesis that it is due to a congenital 
abnormality'. Trauma apparently' is usually- an incidental factor, aggravating the disease 
rather than provoking its onset. Infection has not been demonstrated by- culture or micro- 
scopic sections of tissue taken from the hip, although there are gross and microscopic 
mild inflammatory changes. Respiratory- and other infections have been present just prior 
to the onset of the hip sy-mptoms in a number of instances. It is possible that an allergic 
reaction in the soft tissues of the hip, due to infection elsewhere, may cause the vascular 

* Re-id at the .A.nnu.al Meeting of The .-tmerican .Academy of Orthopaedic Surgeons, Ctiicaco, Illinois, 
Januarj- 2S, 1947. 
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Fig. 1-A 

Case illustrating typical changes of coxa plana, in a child of five j'eais. An eaily diagnosis was made. 
Tieatment by complete bed lest for nine months had little, if an 3 % effect on the course of the disease or 
the lesultant deformity. Pain and limp had been piesent for one week, with slight limitation of all 
motions, and pain and spasm at e.xtremes. Then bed rest was begun. 

March 26, 1945. Eailiest signs of coxa plana; The capsule is swollen. There is decalcification distal to 
the epiphyseal line. The ciest of the head is flat; slight iuegular ossification is present. Theie is slight 
widening of the joint space, superioilj'- and medialljx 



Fig. 1-B Fig. 1-C 

Fig. 1-B: Sept. 11, 1945. Six months after onset, the epiphyseal line is wider, with irregular decalcifica- 
tion on the distal side. Eailj^ decalcification of head is seen lateral^x The aiticular suiface of the head 
is Iriegular. 

Fig. 1-C: Nov. 13, 1945. Eight months after onset, the head is flatter and thinner, with early dccalcifi- 
cation medialh’, more decalcification toward the lateral aspect, and increased density centially. The 
epiphj'seal line is healing. 

changes. The endocrine glands have been blamed for the disease, because about one thirc 
of the patients are of the fat and flabbj’- type, but no definite evidence has been produced 
to prove the connection or to explain the fact that coxa plana is usually limited to one hip. 
The basal metabolic rate has usually been normal. Cretinoid epiphyseal d3’'sgenesi.s, due 
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Fig. 1-D Fig. 1-E 

Fip. 1-D: Jan. 17, lOJO. Ten months after on.«ct, the head is still fi.attcr and thinner, mth more deeal- 
eification medially and laterally, and central condensation. Ossification i= more irregular, .’slight sublu-va- 
tion ha-s oecuiTcd. The epiphyseal line has healed. The proximal surface of the neck is convex, growing 
into the head. 

Walking i« resumed at this time. 

Fig. 1-E: .-\pr. 23, 19-16. At the end of thirteen months, the head is flatter and thinner, ossification is 
more irregular, and there i= increased density at the center. Recaleification has taken place medially and 
laterally. The neck i' broader. 



Fig, 1-F 

June IS, 1946. After fifteen months the head is flatter and thinner, more dense at the center. The 
neck is wide. 


to hj'pothjToidism. is similar to coxa plana, but should not be confused tvith it. Changes 
similar to those found in co.xa plana are seen also in the hips of a good many children m'th 
achondroplasia, chondrodysplasia, jux-enile rickets, and Alorquio's disease. 

Coxa plana is fundamentallj- a vascular disturbance xvith resultant degenerative 
changes in the head of the femur. The vascular disturbance may be due to any one of 
several causes. 
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Fic3. 1-G Fig. l-II 

Fig. 1-G: Sept. 10, 1946. After eigliteen montJis, the head is very flat and thin, the center less dense 
This IS the end of the absorptive phase. The capsule is not swollen 

Fig 1-H: Nov. 18, 1946 At the end of twenty months, the cential aica of the head is beginning to 
lecalcify, the medial and lateral portions aie well ossified. 



Fig l-I 

Jan. 21, 1947. Twenty-two months after onset, 
the central area is more evenly calcified 


PATHOLOGIC-IL FINDINGS 

The pathological changes in coxa plana 
have been studied at operation on fifty hips 
m early and late cases. Changes occur eaily 
in the soft tissues, the synovial membrane, 
the capsule, and the periosteum. These tis- 
sues are swollen, oedematous, and hyper- 
aemic, especiallj’’ the synovial membiane, 
which is usually redundant at the inferioi 
angle between the head and neck. Micro- 
scopically, there is oedema, hypervascu- 
larity, and thickening of the synovial mem- 
brane, often with villous formation (Figs 
3-L, 4-K, and 5-G). Pei i vascular lympho- 
cj'^tic and plasma-cell infiltration are usual. 
There is softening on the distal side of the 
epiphyseal disc, due to decalcification and 
increased vascularity (Fig. 5-H). Soon dense 
areas appear in the femoral head, due to 
bone condensation or increased calcification 
Later these dense areas are invaded by blood 
vessels and granulation tissue which tend to 


absorb them; and there may be areas containing very little bone. At this time the head, 


tends to become flattened and wider, and the neck becomes relatively shorter and thickei 
In the meantime, the soft tissues become less vascular and oedematous; scarring and 
inelasticity develop; and a pannus appears at the margin of the head. Hyperplasia of the 
tissues in the region of the Haversian gland results in some lateral displacement of the 
femoral head in the acetabulum. As the disease recedes, the bone recalcifies, — first at the 
epiphj^seal disc, later in the softened areas of the femoral head, which eventually fill in and 
become trabeculated. However, the head maintains its mushroom shape. As a result of the 
deformity, the head does not fit the acetabulum well and tends to become subluxated, 
whereas motion is mechanically less smooth. The acetabulum tends to become deformed. 
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Fig. 1-J 

May 1047. .\t the end of t«-cnty-=i\ montlis, further ossification of central area is evident. 


adapting itself somewhat to tlie deformity 
of the head. 

Stages of Disease 

Coxa plana may be divided into: (1) the 
t^rly or incipient stage, lasting several weeks, 
^Jn which there are only soft-tissue changes 
'and mild symptoms and signs associated 
with the sjmovitis; (2) the degenerative or 
active stage, lasting one or two years, in 
which degeneration in the head and softening 
at the epiphj'seal dise oceur; (3) the healing 
stage, lasting three or four j'ears, in which 
the dense areas are replaced bj' granulation 
tissue and finalh’ b 3 ' normal bone, while the 
soft tissues become sclerotic and the sjunp- 
toms and signs of s}Tio\’itis disappear; and 
(4) the residual stage, in which onlj^ the de- 
formitj' with its consequent sjinptoms re- 
mains. In each stage the soft-tissue changes 
precede the bone changes. 



I 




Fig. 1-K 

Sept. 20, 1947. Thirty months after onset. 
There has been no definite change since Maj- 
1947. The head is quite thin and flat; the head 
and neck are broad, so that one quarter of the 
head projects beyond the acetabulum. 


Symptoms 

^ In the early stage, the most common 
sjmptom is a slight limp, which increases with the intensity of the disease. Pain is usually 
complained of, but is rarelj’' severe enough to prevent n alking, often it is onl\ a mild ache or 
stiffness. The pain is referred to the groin, medial aspect of the thigh, or knee, and follows 
the distribution of the obturator nen'e. The pain is apt to be worse ndth activity and to be 


relieved by rest; it usually begins gradually, and is often aggravated by some tririal injurj'. 
Occasionally limitation of motion is noticed. There may be disabilit\' for rigorous actirity. 

The acute sj-mptoms graduallj' subside during the later stages, and are replaced b\- 
sj-mptoms due to the fault}- mechanics associated n-ith the deformity. There may be a 
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limp, chip to shortpiiinp; and limitation of motion, slight pain on vigorous activity, 
f^light .''tiffnps-^ and di'''al)ility. Eventually the “symptoms of ostco-arthritis may super\’ene. 



Fig. 2-G 



Fig. 2-H 

T}-pieal c^e of coxa plana, in a child of four and one-half ycjars, treated ivith a sling and crutches. .An 
earlv diagnosis was made. Pain and limp had been present for three weeks. All motions were limited by 
pain and spasm. Healing c\a.s not complete after four years without weight-^ring. 

Fig. 2-.A: Oct. 20, 1943. The capsule is swollen. The head is smaller and thinner than normal, irregu- 
larly ossified, and the articular surface is uneven. The joint space is wide, supenorly and medially. 

The patient was kept in bed for tno months, then a sling and crutches were u.=ed. 

Fig. 2-B: ^Iar. 29, 1944. Five months after onset, ossification of the head is more irregular and dea-e. 
The epiphyseal line is wider, with decalcification at the junction with the neck. 

Fig. 2-0": Oct. 2, 1944. After one year, ossification of the head is more irregular, especially posteriorly. 
The head is more dense centrally. The neck is wider. The epiphj-seal line is healing. The proximal 
surface of the neck is convex, growing into the head. 

Fig. 2-D: Jan. 3, 1945. -At the end of fourteen months, ossification of the head more irregular, m'th 
absorption anteriorly. The head is flat anteriorly, thin, and broad. The epiphyseal line has healed. 

Fig. 2-E: Feb. 13,’ 1946. After twenty-eight months, the anterior half of the head ha= b“cn absorbed, 
except for a small island ; the posterior half is ossifjrng and filling in. This is the end of the ab^orptirr pha’-. 

Fig. 2-F: &pt. 23, 1946. After three years, slightly more filling in is seen. IVeight-bearing ls Ix-gun. 

Fig. 2-G: By Oct. 8, 1947, the posterior half is nearly healed, but there is no filling anteriorly Com- 
pare with anteroposterior xdew (at right). The head is broad, thin, and flat. The neck i- broad. Sligiii 
subluxation has occurred. 

Fig. 2-H: Jan. 24, 1948. Slight further healing. 


VOL 30-.\. XO 3. JCLV 194S 


608 


M. B, IIOWORTH 


Signs 

The earliest and most important signs of the disease are the limp, limitation of motion, 
and pain at the extremes of motion, especiall 3 ’- lateral motion and rotation. The limitation, 
pain, and spasm increase in proportion to the intensity of the disease. There may be slight 
tenderness anterior to the hip joint. In time, slight atroph}’- of the thigh and slight shorten- 
ing of the femur appear, due to the flattening of the head and shortening of the neck. The 
limp at the beginning is due to pain and spasm, later to limitation of motion and 
shortening. 


LABORATORY FINDINGS 

Laboratory tests are of onty incidental value in this disease. The eiythrocjde sedimen- 
tation rate is usually increased slightlj’-; it averages 25 millimeters per hour and may go 
as high as 40 millimeters, indicating to some extent the intensity of the disease. The blood 
count, serum calcium, phosphorus, phosphatase, and basal metabolic rate are usually 
normal. Cultures of the sjmovial fluid and of material taken from the s 3 moviaI membrane 
and the bone have been negative. 

ROENTGENOGRAPHIC FEATURES 

The first evidence of the disease in the roentgenograms is a globular swelling of the 
capsule (Figs. 1-A, 2- A, 3-A, 4-A, and 5- A). The joint space appears wider medial^'’, be- 
cause of a slight subluxation laterally (Figs. 1-A, 2- A, 3-A, 4-A, and 5-A). It appears Avider 
superiorly, because of a flattening of the ossified portion of the epiplysis; but there is no 
change in the shape of the articular cartilage at this stage (Figs. 1-A, 2-A, 3-A, 4-A, 
and 5-A). 

Soon after the onset, the epiph 3 ''seal line appears wider and is irregularl 3 '' decalcified 
at its junction with the neck (Figs. 1-A, 2-A, 2-B, 3-A, 4-A, and 5-B). An irregular dense 
area soon appears in the capital epiphysis, usuall 3 ’- in the central portion (Figs. 1-C, 2-C, 
3-A, 4-A, and 5-B). Gradually the dense area becomes irregularly decalcified, but it may 
enlarge at the same time (Figs. 1-C to 1-G, 2-C, 2-D, 3-A to 3-D, 4-C, and 5-B to 5-D). 
During the decalcification, the head becomes wider, flatter, and thinner, and the neck be- 
comes thicker and shorter. In some hips the affected area assumes the characteristics of 
osteochondritis dissecans. Gradually the soft-tissue swelling subsides; the epiphyseal line 
recalcifies, while the proximal surface of the neck becomes convex and grows into the 
head (Figs. 1-G, 2-D, 3-D, 4-D, and 5-D). More gradually, the decalcified areas are recal- 
cified (Figs. 1-H, 2-F, 3-F, 4-G, and 5-E). Eventually normal trabeculation occurs, but 
the head maintains its mushroom shape and tends to remain subluxated; one-fourth to 
one-half of the head projects lateral to the acetabular margin, due to its enlargement 
(Figs. 1-J, 2-G, 3-K, 4-J, and 5-F). The shape of the acetabulum usuall}'' follows somewhat 
the shape of the head (Figs. 1-H, 2-F, 3-F, 4-G, and 5-E). Osteo-arthritic changes often 
develop in middle life, but these are usuall 3 '' not so severe as those i\'ith slipping of the 
upper femoral epiph 3 '-sis, probably because of greater mechanical and ph 3 ’^siologicaI 
disturbance in the latter. 


DIFFERENTIAL DIAGNOSIS 

An 3 '’ child between the ages of three and twelve 3 ''ears who complains of a limp and 
pain in the groin, the anterior or medial aspect of the thigh, or the medial side of the knee, 
should be suspected of having coxa plana. The hip should be carefulb'- examined for 
limitation of motion and for pain and spasm during motion, and roentgenograms should 
be taken. In case of doubt, the child should be put to bed until plysical signs disappear 
and subsequent roentgenograms reveal no evidence of coxa plana. 

The t 3 pical roentgenographic changes of co.xa plana are rareb’^ seen with the other 
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Fig. 3-.\ Fig. 3-B 


Typical coxa plana in a child of three years, treated by bed rest for nineteen months and drilling 
(tndee). This treatment had little, if any, effect on the course of the disease or on the deformity. Drilling 
with an awl probably wa.s not effective, the child probably walked too soon. An earh- diagnosis was 
made. Limp and pain had been present for three months. .\ll motions were sh'ghtly lir^ted, there was 
moderate spa-sm at the extremes, and pain. 

Fig. 3-.A: July 30, 1931. The capsule is swollen. The epipln-seal line is wide and decalcified, especially 
at the ma^ns. The neck is slightly wide. The head is flat , the articular surface is unex’en and irregularly 
ossified with central condensation. The joint space is wide superiorly and medially. 

The patient was treated by bed rest for one month before operation. On Aug. 27, 1931, Operation I 
was carried out. Six holes were drilled in the head with an awl. 

Fig. 3-B: On .-^ug. 30, 1931, the epiph\-seal line is wider and irregularly decalcified. The head is flatter, 
thinner, and more dense. 



Fig. 3-C Fig. 3-D 


Fig. 3-C; Dec. 3, 1931. Three months after operation, the head is denser, especially at the center, 
thinner, and flatter. The epiphyseal line is more irregular and decalcified. There is slight subluxation. 

Fig. ^D: Jan. 26, 1932. .At the end of five months, the head is less deu=e, thinner, flatter, and is ossify- 
ing medially. The epiphyseal line is healing. The neck is convex and is growing into the head. 

childhood diseases of the hip, such as suppurative arthritis, osteomx-elitis, rheumatic 
fever, and slipping of the upper femoral epiphysis. These diseases may be further dis- 
tinguished by their clinical features and the familiar laboratorx' tests. Coxa plana max* 
occur in the course of treatment of congenital dislocation of the hip. 
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Fig. 3-1 Fig. 3-J 
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Fie. 3-E; .Iiiiii- ' 22 , 1!'32. Ai'Ict Icn iiioiitli' thi' I I'l • 
two tliinF of ilio lii'mi nro I.’irp’ly tliT.-ilfififtl. "i^ 
only ‘•innll i'lnini- of lionc. The lini' Ini'- hc.ilcd Tin- - 
tlu' rn-l of tlr r 

Oix'mtion If n;!- [vrforinoil on An;: 22. I'>.32 
hole' won’ (Irillixi in the lic''ul wiili .nn an I 

Fic. S-F: Fcl). 1, Il).33. .\t this time, omlitcon month~ 
.after 0]x’nition 1 aiui ^i\ month'- after Operation II. 
tile head i' K'pinnini: to reo^ify. Gronth of hone h i- 
proeeedeii from the neck tirro-^ the ejnphvoal hm 
into the head. The eap^ule i- not •-uollen. 

Walkinp wa-- Ix-pin. [vrhap' too -oon 

Fic. 3-G: May -I, lO'h'f. Tiie head i' filhnc in the 
nuxhal and Intend portion-- are heali-d 

Fic- .3-H: Oct. 3. Mi.3.3 (tnenty-‘i\ months alter 
Ojx'nition I and fourtc-en month- after Oix-nition II 
Further fillinc in of the central portion of the head ami 
incronth fnitii the neck have taken place 

Fic. 3-1: Mar. 21, 103! (thirty-one montle- after 
Operation I .and nineteen month- after 0;K-ration II 
Shows further fillinc in. 

Fic- 3-.I: Xov. 10, 103-1 (thirty-nine month.- after 
Ojx-ration I and twenty-seven month.= after Operation 
II). The head ha.s filleil in, hut o— ification i- uneven 
The head is wide, thin, flat, and «uhluvitcd. one third i 

Fic. 3-K: Oct. 2(5, 193-5 (four year- and two mon 
months after Ojx'ration II). The head is filled in and e 



Fig. 3-K 


; out.side the acetabulum. The neck is wide. 

ths after Operation I and three yearn and two 
renly ossified. 



Fig. 3-L 


.■Vt operation on Aug. 27, 1931, the sj-notial membrane showed marked hj-pervascularitv, moderate 
oedema, and the presence of villi. A few plasma cells and large mononuclear wandering cells (histiocjte-) 
are seen. 


COURSE IX UXTRE.\TED C.\.SES 

Coxa plana follows a characteristic course over a period of four to seven years, and 
always heals, but with some residual deformity. There is considerable variation amon 
indh-idual cases in all features of the disease, especially in the roentgenographic change 
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Fig. 4-A Fig. 4-B 

Typical coxa plana, with early diagnosis, in a child of seven j'ears, treated with drilling operation. 
Pain had been present for two months. Other symptoms included limp, considerable limitation of 
motion, pain, and spasm. 

Good healing had taken place by four 3 'ears after onset — less than the average time — despite no treat- 
ment during the first fifteen months and extensive involvement. 

Fig. 4-A: July 16, 1930. Two months after onset, the capsule is swollen. The epiphyseal line is vdde. 


Fig. 4-C 


Fig. 4-D 


Fig. 4-E 


# ■ 


Fig. 4-r 
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I'lf;. 4-G Fig. 4-H 


with (Icciilrification at tlio junction with the nock; tlic ! 
neck h wick'. The Iieaci i*; flat superiorly; the articular j 
surface is uneven: ossification is irregular; density is | 
incteascd. Tlie joint space i« vide. 

Xo tri'atincnt was given for fifteen months. 

Fig. 4-B: Dec. I, 1930. .Vftcr seven niontli.«, the head 
is flatter, thinner, denser, and more irregularly ossified. 

The epipliy.scal line is vidcr, more irregular, and 
decalcified. Flight 'uhluxation is shoini. 

Fig. d-C: Mar. 2, 1931. Ten month* after onset, the 
head is still flatter, thinner, and more irregularly ossi- 
fied. The epiphyseal line is beginning to reossify. One j 
third of the licad is outside tiie acetabulum. 

Fig. 4-D: Oct. 14, 1931. .After seventeen months, 
the lateral portion of the head i* almost absorbed. The 
epipht-seal line has healed. This is the end o/ the 
absorptne phase. 

At operation, on Oct. 22, 1931, .six holes were drilled. 

The patient remained in bed for four months, then 
wa.s ambulatorj- in a short spica for two months. 

Fig. -l-E: Xov. 16, 1931. .At cightcKin months tone 
month after oiieration), no dense areas are .seen. The 
head is filling in and is rounder, but irregularly ossified. 

The neck is growing into the head. The capsule is not 
swollen. 

Fig. 4-F : Feb. 8, 1932. At twenty-one months (four 
months after operation}, more filling in is seen. Ossification is more even. Half of the head is outside 
the acetabulum. 



Fig. 4-1 


Fig. 4-G; Xov. 5, 1932 (thirtt- months after onset and thirteen months after operationj. The head is 
more evenly ossified. 

Fig. 4-H: Apr. S, 1933. Three years after onset and eighteen months after operation, further ossifica- 
tion of the head is shown. 


Fig. 4-1: Sept. 15, 1934 (four years after onset and three years after operation). The head i= well 
ossified, but flat, thin, and broad. The neck is broad and has gromi into the head. The cour=e was proba- 
bh- shortened by drilling, but drilling might have been done earlier with more Iienefit. 


and course. For this reason it is ver}' difficult to set up a standard for evaluating the effect 
of treatment, particularlj' in individuals or in small groups of cases. 

TRE.\T.MEXT 

Rest 

The primarj- treatment for coxa plana at the present time is rest. Rest in bed is the 
surest and simplest way of securing rest for the liip, but it must be continued for two or 
three years from the onset in the average case. Bed rest alone has been used in about thirty 
cases of tliis group (Figs. 1-A to 1-K). Rest allows recover;.- of the circulation of the soft 
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Fig. 4-J 



Fig. 4-K 

At operation on Oct. 22, 1931, the synovial membiane showed marked oedema and hypervascularity. 
Villi aie piesent. Theie is maiked infiltiation nith plasma cells and lymphocytes. 


tissues and healing of the bone, preventing further damage by weight-bearing and activity. 
It is especially important in the incipient stage, when the symptoms and signs are acute, 
and later, when there is a great deal of decalcification of the head. Slight flexion of the hip 
is preferable, in order to relax the capsule and the blood vessels about the nock. Traction 
for two or three weeks is desirable for the relief of pain and spasm in the acute case, but it 
should not be prolonged. Eest should be continued until there is no pain or spasm with 
motion, and until the roentgenograms show sufficient regeneration of the head for safe 
weight-bearing. 
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Tlic best ambulatory treatment for coxa plana is a sling and crutches; this method 
has been used in about twenty of our cases (Figs. 2-A to 2-H, inclusive). A webbing belt 
with a shoulder strap, similar to tlie Sam Browne belt, is used for the sling which is sus- 
pended from the belt and encircles the ankle. The lower extremity is thus suspended, 
with the hip and knee in flexion. The liip is supported in a protected and relaxed position, 
and the circulation is given a chance to recover. 



I Fig. 5-A 

Case of tj-pical coxa plana, \Mth earl\- diagnosis, in a child of eleven years. Rapid healing followed 
drilling, through both the neck and articular surface of the head Pain and limp had been present for ten 
months; the child had been in bed for six months. Rotation i\as slightly limited. 

Fig. S-A: June 3, 1940. Ten months after onset, the capsule is snollen; the head is flat laterally. The 
joint space is wide, supenorh- and medially. Slight subluxation is present. 



Fig. 5-B 


Dec. 2, 1940. .After sixteen months, there is decalcification of the head laterally and of the neck near 
the epiphyseal line, m’th condensation of the head centralhx 
The operation, performed on Dec. 5, 1940, consisted in drilling with a Xicola gouge both through the 
neck and through the articular surface of the head. 
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Fig. 5-C Fig. 5-D 

Fig 5-C; Jan. 29, 1941 (eighteen months aftei onset and two months after opeiation). Shows more 
decalcification of the head lateially, moie density centially. Dull lioles aic visible The provimal surface 
of the neck is convex and is gi owing into the head. 

Fig 5-D: Mai. 26, 1941 (tw'ent}’' months after onset and foiii months aftei opeiation). The head is 
moie calcified lateiall 3 ", less dense centiall^x The epipln^seal line has liealed. 



Fig. 5-E Fig. 5-F 

Fig. 5-E: hlay 22, 1941 (tw'enty-two months after onset and six months after operation). Ossification 
is moie even. 

Fig. 5-F: Jul}'’ 23, 1941 (twentAMoui months after onset and eight months after opeiation). The head 
is almost evenly ossified. It is wide, thin, fiat, and slight^'- sublu.xated. 


The non-weight-beaiing long leg brace with a built-up shoe for the good side ma}" 
be used, but it is heavj^ and clumsy, more expensive, and less satisfactory than the sling 
and crutches; and it maintains the hip in extension instead of relaxed in flexion. Crutches 
alone may be used, but generally the child cannot be depended upon to keep his weight 
off the extremity. 

Immobilization in a plaster cast or traction brace tends to increase the limitation of 
motion, especially if continued for weeks or months. However, a cast or a traction splint 
may be used for two or three weeks for the relief of acute pain and spasm. 

Drilling Operation 

The drilling operation has been used in approximate!}^ fift}^ cases at the New York 
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Fig. 5-G 


operation on Dec. 5, 1940, thesj-novial membrane showed moderate hjTjerrascularitv, byperaemia, 
and \-illous formation. There is slight oedema. Many lymphoc>-tes are present. 



Fig. 5-H 


Shows degeneration of hyaline cartilage of epiphyseal plate. Fibrocartilaginous repair is occurring at 
epiphyseal hne. The bone trabeculae are of irrcgiil.ar architecture. 

Orthopaedic Hospital, in the twelve years from 1928 to 1939, for hastening the healing of 
the disease process (Figs. 3-A to 5-H, inclusive). The hip is exposed through a short 
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Smith-Petcrsen incision, and a fenestration is made in tlie neck anteriorly, at the margin 
of the head. Three or four holes are made Avith an awl, a drill, or a Nicola gouge, through 
the epiphyseal plate into the affected area of the head. These holes are for the purpose of 
penetrating the diseased areas, in order to alloAV more rapid re\^ascularization and recalci- 
fication. The fenestration may be filled A\dth a small piece of muscle to stop bleeding. It is 
important that the operation be done gentlj’- and skillfully, Avith a minimum of dissection, 
trauma, and damage to the circulation. The drilling Avas done in two hips through the 
greater trochanter, and tAvice it Avas done directlj'' through the articular cartilage of the 
head and through the head into the neck. The former approach is too uncertain, hoAA'ever, s, 
and the latter seems to offer no adA'-antage, but rather the possibility of greater damage. 
We haA'-e not attempted to curette the head, use bone chips or pegs, or transplant a ' 
muscle flap. 

An elastic-bandage spica is applied to the hip after the operation, and its use is con- 
tinued for tAvo or three Aveeks. ActiAm supported motion is begun a day or tAA'o after the 
operation. The motion has usuallj'- returned to the preoperatiA'^e range AA'ithin three Aveeks 
after operation. Weight-bearing is not permitted until all pain and spasm haA^e sub- 
sided, and the roentgenogram demonstrates sufficient bone regeneration for safe AA^eight- 
bearing, — usually a year or more after the onset. Weight-bearing is begun graduall}'', 
usually AAuth crutches. 

The folloAA^-up period after the operation has been from eight to eighteen 3’-ears. The 
operation has been found most useful AA'hen performed in the progressiA’-e stage or in the 
early stage of repair. The total amount of degeneration and the residual deformity ap- 
peared to be reduced b}'- this procedure, and the period of conAmlescence has been shortened 
about one third. No neAA^ degeneratiA^e areas appeared, and repair began prompth’- after the 
operation. In order to be most effective, the operation must be combined AAuth a period of 
several months of non-Aveight-bearing. Better results AA^ere obtained in the group of patients 
■operated upon than in the other groups. 

SEQUENCE OF CHANGES 

JEarly Clinical Features (from onset to one or tAA'O years) : 

Protective limp. 

Pain, referred to groin, medial aspect of thigh, or knee. 

Slight limitation of motion, AAdth pain and spasm at extremes. 

Atrophy of thigh. 

Slight elevation of erythrocyte sedimentation rate. 

Early Pathological Changes (from a feAv months to tAA^o years after onset) : 

Synovial membrane SAA'^ollen, oedematous, vascular, Adllous. 

Lymphoc^dic infiltration, especially about the blood vessels. 

Scattered plasma cells and mononuclear AA'^andering cells (histiocytes). 

Degeneration of hyaline cartilage of epiphyseal plate. 

Fibrocartilaginous repair at junction of plate AAuth neck. 

Irregular architecture of bony trabeculae of capital epiphysis. 

Early Roentgenographic Changes: ^ 

SAA^elling of joint capsule (first fcAV AA^eeks). 

Flattening or irregularity of articular surface of ossification center of capital femoral 
epiph3'’sis, usuallj'- laterall}'-, AAuth AAidening of joint space superiorly (first feAA" months). 
Cartilaginous head remains round. 

Neck begins to AAdden. 

Widening of epiph3’'seal line AA’ith decalcification at its junction AAdth the neck. 

Widening of joint space medially, due to SAA^elling and thickening of soft tissues at 
Haversian gland. 
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Increased density of part of ossification center, usually the central portion. 

-Vreas of diminished density in ossification center, usually medially and laterally. 

h^tiijiliyseal line begins to reealcify (second j'car). 

Docaleifieation of dense area, which breaks up into bony islands of variable size and 
shape, surrounded by granulation tissue. 

Roealcification of decalcified areas at margins of head. 

Proximal surface of neck becomes convex, growing into head. 

I'^jiiphyseal line reossified and healed. 

Swelling of capsule subsides. 

Roealcification of central portion of head begins (third year). 

Head is wide. thin, and rounded, but much flatter than normal; lateral third projects 
beyond acetabular margin. 

.Vcctabulum begins to conform to shape of head (third to si.xth j-ear). 

Femur short, due largely to flattening of head and shortening of neck. 

Ingrowth of bone from neck into central portion of head not uncommon. 

Head fills in with bone, but texture and density are uneven. 

Late Clinical Features (three or more j'ears after onset): 

Limp, due to shortening and mechanical limitation. 

Motions, especially abduction and rotation, slightly limited by incongruity of femoral 
head and acetabulum, and by contracture of capsule and ligaments. 

Late Pathological Changes: 

Synovial membrane thickened, avascular, and sclerotic. 

Capsule thickened and contracted. 

Late Roentgenographic Appearance (five or more years after onset): 

Head completely filled in; texture homogeneous. 

Head and neck broad; head thin and flattened, and projects beyond acetabulum 
about one third. 

Osteochondritis, with lipping at margins of head and acetabulum. 

Thinning of joint space with condensation of adjacent bone, and occasional c3'stic 
degeneration. 

COXCLCSIOXS 

Degenerative changes, similar to those observed in coxa plana, often occur in the 
course of treatment of congenital dislocation of the hip, slipping of the upper femoral 
epiphx'sis, or fracture of the neck of the femur. These changes are due to interference with 
the circulation to the head, either bj’’ “wringing out” of the blood vessels along the neck 
bj' immobilization in full extension, often rsdth abduction and internal rotation, or bj' the 
separation of the head from the neck bj'^ injurj- or during the course of treatment. These 
degenerative changes can be prevented bj' the avoidance of immobilization in a position of 
tension, and bj’ not separating the head from the neck in the course of treatment. Similar 
degenerative changes occur in suppurative arthritis of the hip, due to the inflammatorj- 
and mechanical pressure interference with the circulation to the femoral head. This damage 
can be prevented or reduced b}' verj- earh- adequate drainage, when there is pus or fluid 
under tension in the hip joint. 

Coxa plana runs a self-limited course over a period of j'ears. and alwaj-s heals. There is 
alwaj's a residual deformit}': The femoral head and neck are broad, the head is flattened 
and shallow, and the acetabulum is somewhat flattened and shallow to correspond to the 
head. Treatment has little effect on the course of the disease. Reduced acth-itj- and freedom 
from weight-bearing result in the relief of pain and muscle spasm, with less limitation of 
motion, but probabh' have little or no effect on the course of the disease in the femoral 
head and neck. Bed rest is the treatment of choice in the incipient or acute and rapidlv 
progressive phases of the disease, and the hip should be kept slighth* fle.xed for relaxation 
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of the soft tissues and improvement in circulation. The best ambulatory treatment is the 
suspension of the extremity from a sling and belt, with the use of crutches. This should be 
continued while there are pain and spa.sin and while tlie Imad is soft. 

The drilling operation, when done skillfull.y and gentl.y, with a minimum of damage to 
the circulation, results in more rapid healing of the lesion with less deformity, but the 
period of healing is still much too long. Some better method of treatment should be sought. 

Coxa plana may sometimes bo prevented bj’’ early rest of the hip in the incipient stage, 
or in the stage of s3movitis preceding the degenerative changes in the femoral head. More 
must be learned, however, of the cause and prevention of coxa plana. 
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DISCUSSION 

Dr. a. Bruce Gill, PHiLAncLPiiiA, Penxsvi,v.vnia: Dr. Howorth has studied Logg-Porthes disc.ase for 
a considerable number of years and has had an Opportunity to survey the pathological changes of the condi- 
tion in fifty patients who were operated upon. 

I agree with the author almost entirely in his general concept of this disca.se and in his insistence that 
rest, or non-weight-bearing, is the essential factor in its treatment. The distinguishing feature is the aseptic 
necrosis which is first apparent in the mctaplp'sis— that is, tlic ujiper portion of tlic neck adjacent to the 
epiphyseal plate of cartilage— and which later is evident in the femoral head. This necrosis is revealed by the 
increasing decalcification that is evident in the roentgenograms. The C 3 'cle of degeneration lasts for a period 
of from one to one and one-half years. I think this period may bo shortened by eaidy and continued treatment. 
The succeeding cycle of regeneration and recalcification lasts for a period of approximatch’' two to four j'ears, 
and may also be shortened by appropriate treatment. 

The exact etiology is not known, but it must be some factor or condition that interferes with a normal ’ 
blood supply to the metapltysis and the epiphj'seal cartilage. 

I do not agree with Dr. Howorth that the dclaj'ed or the irregular calcification of the head of the femur, 
seen frequently in congenital dislocation of the hip, is indicative of Legg-Perthes disease. These cases present 
a different roentgenographic appearance and run a different course. I prefer to consider them instances of the 
dysplasia, or delayed or defective growth, of the structures of the hip that is characteristic of congenital 
dislocation. 

I welcome his observations on the oedema and thickening of the synovial membrane, because they offer 
an explanation of the lateral displacement of the head of the femur and the palpable thickening of the joint 
which I have so uniformly observed. I have also commented on the fact that the head of the femur returns to 
its normal position in the acetabulum as healing occurs. 

The deformit 3 " of the head and the concomitant deformit 3 '^ of the acetabulum that occur in cases un- 
treated or treated too late are due to ci'ushing and flattening of the necrotic liead and neck during the cycle of 
degeneration, and can be prevented by earl 3 ’- and adequate treatment. 

The essential treatment is rest, which not only prevents bearing of weight upon the soft bone, but also 
overcomes and prevents contraction and spasm of the polvi-femoral muscles which thrust the head against 
the roof of the acetabulum. Recumbency in bed with sufficient traction to secure relaxation of the muscles JS 
the ideal form of treatment, until recalcification of the head is sufficiently advanced to render this precaution 
unnecessary. When the C 3 'cle of regeneration is sufficiently advanced, bed recumbency ma 3 ^ be icplaced b 3 ' 
ambulation on an extension brace, which prevents tlie bearing of weight on the affected side. 

Whether the “drilling” operation will material^’' shorten the course of the disease, I do not know. Rs 
proof would require careful observation of operative and control cases that are similar in the duration and 
the extent of the disease. 


Dr. M. N. S.hith-Petersen, Boston, Massachusetts; This is a characteristic Howorth presentation, 
a conscientious stud 3 ^ of results. . 

It is too earli- to draw definite conclusions; we do not know whether drilling definitely shortens the peno 
of protective treatment, nor do we know if it diminishes the dcformit 3 L I am sure that Dr. Haworth will follon 
these cases and, in the course of time, give an additional report which will aid us in deciding how valua e 
this form of treatment may bo. 

{Continued on page 756) 
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EXPERIMENTAL INTERVERTEBRAL-DISC LESIONS* 


nv j. Ai.ni:uT khv, m.d., and lee t. ford, m.d., st. louis, Missouri 
I'roni the Dcjmrt?iii'nt ol Surgery, iro.-^/u'njfon Vnhersily School of Medicine, Si. Louis 

Tho f;\ct that lesions of the intcrvortobral disc frequently cause low-back pain with 
sciatica is now generally recognized, and one of us has concluded that these lesions are 
practically the only cause of idiopathic low-back pain nith or without sciatica, and that a 
recognition of these lesions siiould supplant the former diagnoses of sacro-iliac and 
lumbosacral strain, subluxation, or arthritis as a cause of these complaints. 

Although thirteen yearn have passed since ^lixter and Barr showed that low-back 
pain with sciatica could be caused bj' protrusion of an interv'ertebral disc in the lumbosacral 
region, and that it was possible to relieve the sjTnptoms in many patients by surgical 
removal of tho protruding disc material, the operation is by no means a panacea, and end- 
residt studies on large series of patients operated upon indicate that, in some of these 
patients, pain and disability of varjdng, degrees have continued after the operation^- ". 

Among our own patients operated upon, the failures number between 5 and 10 per 
cent., and about 1.5 per cent, of the other patients continue to have some pain and dis- 
ability. In considering these results, we were not able to determine the cause of the failure 
in most of the patients studied or even in those operated upon again. VTe have been fairly 
well convinced that spine fusion is not the answer, and that in our hands, the results iMth 
spine fusion are no better than they are in those patients in whom the spine has not been 
fused. Likeudse. in the patients with persistent pain after the operation for removal of a 
disc, spine fusion has not iieen successful in reliexTng the pain. 

We know of no experimental work in which attempts have been made to produce 
posterior protrusions of the inten'ertebral discs, or to determine the results after the 
operative removal of a disc by the intraspinal route. Haas has shown that excision of the 
disc by the anterior approach may result in fusion of the bodies of the adjacent vertebrae, 
and Keyes and Compere, Lob, and others have shown that similar, less extensive anterior 
lesions of the discs cause changes similar to those noted in hj-pertrophic spondylitis. 

In this paper a series of experiments will be reported in which an attempt has been 
made to answer the follo^^dng questions: 

1. Will removal of the nucleus pulposus and mgorous curettement of the disc space 
from the posterior aspect produce fusion of the adjacent vertebral bodies in a dog? 

2. VTien a ruptured inteiA-ertebral disc is removed surgically, should the underhung 
disc space be curetted mgorously, gently, or not at all? 

3. VTiat is the result in the dog when a surgical defect is produced in a disc, similar to 
that made in a human when a ruptured disc is removed and the disc space is curetted? 

4. Is it possible to produce a unilateral protrusion of an intervertebral disc in a dog 
by surgically weakening the annulus fibrosus on that side? 

5. Is it possible to produce a lesion of the inteiu'ertebral disc by puncturing the 
annulus fibrosus with a needle? 


^LVTEIUAL AXD METHODS 

Fourteen dogs were utilized for the experiment. Under intravenous nembutal anaes- 
thesia, and with aseptic technique, the spinous processes and laminae of the lower four or 
five lumbar vertebrae were exposed. In the first dogs, a total laminectomy was performed; 
but, after several operations, it was found possible to produce the desired lesions of the discs 
after remo^fing only one-half of the spinal arch. 

* Presented at the .Annual Meeting of The -American Orthopaedic .Association, Hot Springs, Mrginia, 
June 29, 1947. 
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Fig. 1 


Fig. 2 


o' P™®5 specimen two clays after operation, sliowing postoperative defects. 

Hig. 2; bagittal sections of gross specimens of Dog 9 at two days and of Dog 5 at twenty weeks, 
showing early collapse and late fibrosis of Discs 1 and 2 h j 


At first, older, larger dogs were used, since it was felt that, because of the larger size "f 
their nerve roots and cauda equina, the procedure would be simpler. However, the denset 
thicker bone and the firmer attachment of the soft tissue made laminectomy more difficult 
on these laige animals, and it was found easier to work with smaller, j^'otinger dog?; 
weighing twelve to twenty pounds. 

Routinely, four adjacent discs were exposed on the left side through the spinal cans' 
The epidural fat was removed mth gentle suction, and the nerve root, dura, and its cor 
tents were retracted toward the opposite side. It was found that this retraction had to . 
done quite gently. Failure to do so resulted in paralysis of vaiying degrees in seven do,,S' 
Dog 6 had a complete paraplegia and had to be sacrificed. Six dogs had a partial paralyses 
postoperatively. Five of these recovered completely, but one. Dog 7, with a total mono- 
plegia, was sacrificed when it had not recovered at three and one-half weeks. 

^ The most caudal intervertebral disc operated upon (usually the seventh lumbar) wrs 
designated Disc 1 , the disc above. Disc 2; the next one above that. Disc 3; and the highest 

one. Disc 4. The following procedures were carried out; 

Disc 1: By the use of a small tenotomy knife, a square window, including posterior lon- 
gitudinal ligament and annulus fibrosus, was removed from the left side of the posterior 
aspect of the disc. With a small curette, the interspace on the left was vigorously curetteci 
until it bled. The nuclear material and cartilage thus loosened were removed with tb' ' 
curette and with suction. 

Disc 2: The procedure followed was the same as that in Disc 1, except that the spac 
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Rom; and Bonks. 1'vNnAMKNTAL.s ok Bonk BroLoor. Joseph P. Weinmann, .M.D., and Harrv- Sicher, .M.D. 

St. lAiuis, Tlic C. V. Moshy Company, 1947. SIO.OO. 

Tins hook wa.s written hy a patliolo;;ist and .an anatomist, working at the School of Dentistrv* of the 
Univen-ity of Illinok They .strive to remove “the peculiar c.vistent dissociation of elim'cal, e.'qjerimental, 
and patholopc endeavons on one side, and biologic thinking on the other”. 

Xiimerou.s working hypothe.se.s were created hy the authors to bridge the mde gaps in our knowledge of 
the pathoIogA' and pliy-iology of the .skeletal .sy.^tem. .Afany phy.-icians and investigators will have a ready 
ch.allenge for some of tlic.-c hj-jiothe.^es, and certainly many of the hj-potheses will not stand the test of 
time. It is the authors’ lioix>, however, th.at the re.adcr will “look on the brighter side”, and believe that even 
a false hn^thesis has merit .as a stimulus to future thought and rc.'earch. 

Part I deals with the normal structure and growth of bone and bones. Emphasis is placed upon the fact 
that bone i= a tissue anil that bones are orgaas. By this emphasis the authors clarify- a ividespread misunder- 
stimding of one of the fundamentals of bone biolog>-. Part I is a splendid review of our present knowledge of 
the histologj- and histogenesis of bone tissue and bonc-s: in fact, tliis will be, to many readers, the most 
useful part of the book. The photomicrographs arc particularly good. 

Part IT dc.als, in a limited manner, with the pathologj- of bone and bones. Xumsrous important entities 
are omitted and there is no discussion of the vast field of joint lesions. However, the authors make no claim 
to a comprehensive coverage of the subject of hone and joint patholog}-. As indicated by the title, the book 
is a presentation of fundamentals. 


Pictorial Handbook of rii,\cTCRE Tre.atmknt. Ed. 2. Edward L. Compere, M.D., F..A.C.S., and Sam TV. 

Banks, M.D., F..A.C.S. Rc\d.=ed with the assistance of CUnton L. Compere, M.D., F..A.C.S. Chicago, 

The Year Book Publishers, Inc., 1947. .$a..50. 

.A .'ccond edition of the Piciorial Handbook of F radnre Treatment, vidth revision of the te.vt and additional 
illustrations, will be welcomed by all readers who wish to gain a comprehensive, although not a detailed, 
re-view of the basic principles underhdng this immensely complicated subject. Few topics are so well adapted 
to pictorial analysis as that of fractures; and here, the authors have utilized their material admirably for 
setting forth what the.v call “the disciplines of fracture therapy”. Where necessarj*, e.vcellent photographic 
reproductions of roentgenograms have been introduced, but in the main, line drawings have been relied upon. 
These have been so well selected and prepared that they serve to illustrate the essential principles of the 
subject with outstanding clarit.v and simplicity. In this respect, they recall Cotton’s fracture te.vtbook, which 
e.Ncelled in this form of illustration. 

From the title of this book, it might be suspected that the text would be subordinated to the illustra- 
tions. Fortunatel.v, this is not the case. Without attempting to enter into discussions of disputed techniques, 
the authors have presented a concise description of universally accepted principles, omitting no major points. 
The te.vt, like the illustrations, assumes a diagrammatic form, but it covers verj- satisfactorily aU the more 
common conditions and procedures. Even a specialist, in renewing this book, must concede that it sum- 
marizes the subject with a clarity that is often lost in more discursive texts, and yet without sacrificing any 
of the essential elements. In addition, the groundwork of corrective and reconstructive bone and joint sur- 
gerj’ has been presented for the benefit of general practitioners who may not be farm'Iiar with the possibilities 
of more advanced treatment. Thus, cases requiring further care will be recognized and can be referred to 
specially qualified surgeons for whatev'er procedures may be required. .All in all, this splendid condensation 
of the extensive and bewildering subject of fracture treatment into a convem'ent, compact, and clearh- under- 
standable handbook of 390 pages deserwes unqualified approval. 


Fr\CTCRES RECENTES DC COL DC FE-UCR- IndIC.VTIONS OPER.VTOIRE3. ficCDE .CN.\.TOmQCE. Tr.\1TEJIENT 
CHIBCBGIC.\L (Recent Fractures of the Femoral Xecfc). Bernard Duhamel. Paris, J.-B. Baillie.-e et Fils, 
1947. 230 francs. 

This book is based upon the study of .300 ca-ses of fracture of the neck of the femur, treated at several 
hospitals in Paris. Statisticall.v, the author shows that true cervical fractures occur more frequently in the 
verj- a^ed than is eommonlv believed. The major portion of this work is devoted to the true cervical fracture, 
and it Is particularly in these cases that nailing is to be considered not as a method of improMng function, 
but primarily as a means of sanng life. Of a series of eighty patients operated upon between 1930 and 1940, 
nailing was done in 2.5 per cent. The total mortality, including the patients operated upon and those who 
were not operated upon, was 32 per cent. Of fifty-eight patients operated upon between 1940 and 1942, 40 
per cent had nailing; the total mortality (patients ojjerated upon and not operated upon) liad dropped to 
2S per emt In 1943, of fortv-nine cases treated, 74 per cent, were operated upon, with a total mortality of 
17 per cent In 1944,’ of 22 patients, nailing was performed in all, with a mortaUty of 16 per cent. 

The author devotes most of the remainder of his monograph to a consideration of the folloning facto.-s: 
1. The anatomical structure of the neck of the femur; 
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2. The mechanics of fracture of tlic neck; 

3. A classification of the various types of fracture. 

In his discussion of the mechanics of the femoral head, much is lost by the use of diagrams which arc 
inadequately described. In the chapter dealing with definite treatment, the author deprecates the use of 
general or spinal anaesthesia. By preference, he operates after the subcutaneous injection of two cubic cen- 
timeters of “nargenol”, followed by the intravenous injection of ten milligrams of pui-e morphine. The impor- 
tance of accurate reduction is stressed, and the Leadbettcr method is discarded as inadequate. The impor- 
tance of lateral traction to disengage the fragments, followed by internal rotation, is emphasized. 

The Wliitman manoeuvre of abduction is not a method of reduction, but a means of maintaining a reduc- 
tion which has already been achieved. In nailing, this manipulation is unnecessarjq and the only objective 
is perfect reduction. 

If this can be achieved, a nail of adequate length must be inserted. Since the roentgenogram cannot 
assuredly be exposed in a plane parallel to the axis of the neck, roentgenographic measurements will be in- 
accurate; and the only true gauge of the length of the nail is the length of the guide wire which should be 
inserted. In order to direct the nail properl}'', the author has devised a rectangular, parallel-edged, double 
guide. It would appear to the reviewer, who lacks any actual experience with its use, to be more cumbersome 
than the guides wliich are familiar to American surgeons. 

Although the points of view expressed by the author of this shoi’t monograj)h arc not new, the presen- 
tation is so eminently logical and well organized that its reading is well woi'th while. 


CiNEPLASTY. Henry H. Kessler, M.D., Ph.D. Springfield, Illinois, Charles C. Thoma.s, 1947. .S6.75. 

The over-all management of the uiJ]3er-extreinity amijutce fi om the time of amputation to his rehabilita- 
tion and return to work is one of the most im]jortant problems the orthopaedic surgeon has to face. The 
author has realized this for many years, and his interest and cxijeiiencc in this field have eminently quahfied 
him to write an authoritative treatise such as this, covering the whole field of upper-extremity amputations. 
That is what it is, — it is more than a treatise on cineplasty alone. 

The first three chapters are devoted to general considerations, functions of the upper extremity, and 
mechanical prostheses. In these chapters the fundamental philosophy and understanding of arm amputations 
in general are adequately discussed. Cineplasty is traced in the next five chapters through its history, 
physiology and anatomy, surgical technique, aftercare, and prosthesis. Other interesting chapters follow, on 
congenital amputations, double amputations, and plastic procedures. The final chapter on rehabilitation of 
the arm amputee covers the important points in this field. The book is well illustrated. 

The author has presented an excellent coverage of the standard Sauerbruch method of cineplasty and 
cineplastic prostheses for the upper extremity, essentially as it was practised here and abroad up to and in- 
cluding World War II. Unfortunately, some recent knowledge concerning cineplasty and its prosthesis was 
not available before publication of this book. The highly important work done by the Committee on Artificial 
Limbs of the National Research Council wall supplement Dr. Kessler’s work, and should be knowm to all 
w'ho have responsibility for rehabilitation of the arm amputee. 

Further understanding of fundamental muscle physiology wdth regard to the i-equirements of the cine- 
plastic prosthesis and the development of a new' and better prosthesis, now' the subject of research projects 
of the Committee on Artificial Limbs, should be of practical value in the further use of this method. Some 
further refinements of the surgical principles and technique already developed w'ill also enlarge the field of 
usefulness of cineplasty. 


El enclavamiento inthamedular de Kuntscher. C. Gil Turner. Madrid, Revista Espanola dc Cirught, 
1946. 

Turner reports his experience with the intramedullary nailing of fi'actures at the Hospital Provincial in 
Madrid. This method provides perfect reduction and complete immobilization of the fragments. No rusting 
of the stainless-steel nail was seen. In one case the nail bent in two weeks. Each long bone presents mechanical 
problems because of the size and shape of the medullary cavity. The part that the medulla plays in the 
healing of fractures is small. The V shape of the nail produces a minimal amount of injury to the medulla, 
and histologically no pathological lesions are found. Changes in the blood picture after nailing are sometimes 
seen in children; there may be slight eosinophilia. No other changes were seen. No change in the regeneration 
of the bone appears to result from the presence of the nail. 

The indications for nailing are: (1) in cases of fracture in which the general condition is poor and the 
patient should not remain in bed; (2) in non-malignant spontaneous fractures; (3) in transverse diaphyseal 
fractures which tend to become dislocated laterally; (4) in fractures which are reduced easily, but in wliich 
bowing cannot be prevented; (5) in fractures with a third triangular fragment; (6) in fractures wath disloca- 
tion of the humeral neck; (7) in pseudarthrosis, cases of delayed union, and in corrective osteotomies; (8) in 
recent compound fractures. 
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Xo c;i=c^ of itifi'otion wore oh-eived. Seven case*; arc reported in detail, and no bad results have been 
ol)'('rvod. 

^^llcn lift’d in tlu' condition^ for nliieli it i« indicated, the author feels that this is a verj- important 
adiiition to the treatment of fractures. Tliis method .should not be used generally, since in most ca.=e-' sat/— 
factory rc'-ult*: will Ik- obtained by the older methods. The older method.? of osteo^mthesis, however, are 
more dangerous than this procedun-. 


Ili'Tonv OK MKDiriN-K. Cecilia C. ^^cttlcr, .l.Ii., Ed.B., Ph.D. Edited by Fred Mettler, .A..ir., 

M.D., Ph.D. Philadelphia, The Blakiston Company, 1047. SS..50. 

This monumental volume of over 1,100 pages inevitably inrdtes comparison m'th such other well-knonm 
monographs in medical hi=tory as tho'C by Castiglioni, Cordell, Cum=ton, Dunglison, Garrison, Packard, 
Itobinson, Farton, Figerist, and Singer; yet it diffcr.s from them all in approach and purpo=e. More nearlv it 
is akin to Gordon’s recently published “Piomance of Afedicine”. Its composition occupied the last nine years 
of the author’.s life, and it was completed only a few days Ircforc her sudden and untimely death on Xovember 
27, 19 1'5. The rc.scarch neccssaiy for its production wa= made possible by the Benjamin Faker Fund. It has 
now Ix/cn edited and prepared for public.ation bj- Dr. Fred Mcttler, .4=soeiate Professor of Anatomy at 
Columbia University. It has copious indice.s of personal names and of subjects, and is illustrated bvsivteen 
v.ell-choscn portrait engrardngs, one at the beginning of each chapter. 

This %\ork aims to be “a correlative text arranged according to subjects” — anatomy, physiology-, 
pharmacology, pathology, physical diagnosis, medicine, neurology, psychiatry, venereology, dermatology, 
pediatrics, surgery, obstetrics, gynecology, ophthalmology, otology, and rhinolaryngology — each chapter 
being followed by a series of selected readings, totaling several thousand references. Xeurosurgeiy, ortho- 
paedics, and urology are included in the chapters on pathology, neurology', pediatrics, and surgery. It seems 
unfortunate that these distinguished, important, and prominent specialties, which have extensive roots and 
sources in history, are not accorded separate coirsidcration. The essential purpose of the work, however — 
namely, to demonstrate and e.stablish the continuity of the present with the past, which constitutes true 
consen-atism — is abundantly well fulfilled. It is a contribution of notable and outstanding value to humanis- 
tic scholarship in medicine. 


StTRGERT or THE .AaiBULxTORr P.cTiENT. Ed. 2. L. Kraeer Ferguson, .4.B., M.D., F..-LC.S. With a section 

by Louis Kaplan, .\.B., M.D., F..\.C.S. Philadelph'ia, J. B. Lippincott Company, 1947. S 10.00. 

Thislarge%'oIumeof932pagesdeals, astheauthorsays, with". , . a subject much neglected in modem 
medicine”. The desirable features of performing operations and procedures in the office, as opposed to a 
hospital, are pointed out. The author cautions against attempting an operation when “the diagnosis is in 
doubt or the extent of the lesion not definitely known", and concludes his introductory chapter with the 
statement: *‘.4mbulatory surgery should be safe surgery”. With this statement all should be in agreement. 

The first part of the book deals with “Surgical Principles and Lesiota”. Equipment, anaesthesia, dress- 
ings, ct cetera arc discussed, and then various types of injuries and lesions arc described, together with their 
treatment. 

Part II is devoted to “Regional Surgery ". The author takes up each anatomical section of the body and 
describes the lesion to be encountered there. One is somewhat startled at some of the Icsioi/s which the author 
advocates operating upon in the office, mixed tumors of the parotid, excision of thyroglossal cysts, tumors of 
the breast, excision and priman' closure of pilonidal cysts, fistula in ano, dhision of the scalenus anterior, 
'drainage of acute suppurativ'e tenosynoritrs, e.xcision of Dupuytren’s contracture, et cetera. 

Part III deals essentially with fractures and dislocations. This is a clear and complete exposition of the 
non-operative treatment. 

The volume is an encyclopedia of the diagnose and treatment of the less severe surgical condition.-- 
The chief criticism should be leveled at the emphasis placed upon w'hat operations cm be performed in the 
office rather than on what should be. If the book does not excite the inexperienced practitioner to attempt 
more than he is able to accomplish, it will prove of great value. 


Physicai. Medicike in Gener-ae Pr-actice. Ed. 2. W illiam Bierman, M D. 44 ith a chapter by Sidney Lieht. 

M.D. Xew' York, Paul B. Hoeber, Inc., 1947. S8.00. 

This can, in general, be recommended as an adequate tc.xtbook of phy'sical medicine. Details of tech- 
.nique, particularly in the field of electrotherapy, are coA-ered sufficiently for the physiotherapist and sjy-cialirt 
in physical medicine. In the attempt to describe practically all procedures which might be used, there re-'jlt- 
for the general practitioner possible confusion as to optimum methods. 'The author frequently refers to th- 
literature and leaves the reader without information concerning the usefulness of the measures,— for examp'.- . 
diathermy for chronic inflammation of the liver, gall bladder, and for peptic ulcer. 
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The fine line drawings add immeasurably to tlie value of the book, pai'tieularly in relation to pe’'- 
formance of exercises. In this second edition the most significant alteration is the inclusion of a chapter by 
Sidney Licht, M.D., on medical rehabilitation, wliich is now recognized as an important part of physical 
medicine. In future editions, it would be well to amplify this .section of the book still further. Other deficiencies 
which might be pointed out in view of future revisions arc inadequate description of clectrodiagnostic 
methods, including determination of strength-duration curves, tetanus ratios, electromyography, and the 
use of other recently available electronic equipment. Progressive-resistance exercises appear to have enough 
widespread acceptance to be included in the textbook. The section on rheumatoid arthritis seems too brief, 
considering the importance of physiotherapy in the treatment of this disease. The same also applies to in- 
fantile cerebral palsy. The specialist in physical medicine would r.ls- like to have amplification of diagnostic 
procedures in this field, including techniques of mensuration of strength, joint range, manual skill, fitness, 
and circulatory function. 

This field is expanding so rapidly that it is hoped -that revisions of this excellent text will be fre- 
quent. 


La BQUiNococosis osEA (Osseous Echinococcus Infestation). Hebert Cagnoli. Montevideo, Casa Impresort 

‘■“'La Industrial", 1947. 

In this monograph Dr. Cagnoli, of the Traumatologicaljnstitute in Montevideo, reviews the literature 
and reports his personal experience in the treatment of echinococcus cysts of the bone. The embryos are 
carried from the intestinal tract to the bone by way of the blood stream. Bone infestation is rare, because the 
portal and the pulmonary slowing of the blood stream sift out most of the embryos. One rarely finds h 3 ^datid 
cysts elsewhere, when they are present in the bone. The bones most frequently affected are the vertebrae 
(40 to 50 per cent.), the femoral head, the humenis, the tibia, and tlie femur. At first the cyst is unilocular. 
The changes which it produces in the bone are the result of two factors, mechanical and toxic. There is no 
reaction on the part of the affected bone, and the osseous morphology is usually maintained. Two distinct 
syndromes appear, depending upon the localization of the cyst, the diaphyseal syndrome which often results 
in spontaneous fractures, and the epiphyseal syndrome which often produces articular symptoms. If the 
cyst is adjacent to bone or breaks through the bone, it may form a pseudo-abscess or multiple or solitary 
hydatid cysts. 

The complications which arise are fracture, secondary fistulization, and invasion of the adjacent soft 
parts. The evolution of the lesion is very slow, but steadily progressive. Symptoms often appear late, since ' 
there are no inflammatory phenomena. There maj’^ be pain, a tumor, a fracture, muscle spasm, or fluid in a 
joint. There is no general reaction; the parasite is sj^biotic with its host. 

In the diagnosis, the roentgenogram is of most value. Biological tests, such as the reaction of Casoni 
and the complement deviation, are of insufficient accuracj’' to confirm the diagnosis. Eosinophilia of con- 
siderable degree is usually present. The roentgenogram shows an invasive lesion, with no bone reaction. 
There are small confluent zones of areolar osteolysis, limited by dense trabeculae. The prognosis depends 
upon the location, progression, and degree of evolution of the lesion. Treatment, to be effective, must be 
early, and consists of radical surgeiy. Local resection may be done if the condition is seen very early. Com- 
plete resection of a bone may be required. In the vertebrae, in which treatment must be limited to curettage, 
a cure frequently ^s not effected. Wliere surgery cannot be carried out, biological treatment should be tried, 
using the echinococcus embryo after the technique of Caleagno. Little can be expected from such treatment, 
however. The mortality from this disease is always 50 per cent, or higher. In cases with spinal and pelvic 
localization, the prognosis is particularly grave. 


The American Illustrated Medical Dictionary. Ed. 21. W. A. Newman Dorland, A.M., M.D., F.A.C.S 
With the collabora lion of E. C. L. Miller, M.D. Philadelphia, W. B. Saunders Company, 1947. $8.5f 
The revision of a midical dictionary is never an easy task; at the present time it must be an especiallj 
formidable undertan.i.ig During the j'^ears since the last edition of this authoritative work was published 
there have been many additions to medical terminology, resulting from the research of the war j^ears and the 
countless new disc v;-. ^s of this period. The eompilation of a comprehensive dictionary must not onlj' 
include the new terms which have crept into a well-rounded medical vocabulary, with their accurate defini- 
tions, but must also eliminate the obsolete and those no longer considered in good usage. 

Those who are accustomed to depend upon this dictionaiy will be grateful for tlie new edition. It in- 
cludes a number of new <-')lored plates, some of which are excellent. Two deserving of special mention are 
the plate of the anterior ,.ituitary hormones and that of the life C 3 "cle and comparative morphology of the 
malarial parasites of man. 

The publishers ma 3 ’' wefi be proud of this latest addition to their long series of medical dictionaries and 
related publications. 
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Fig. 3 


Roentgenograms of Dog 4 (left) at five days and Dog 5 fright) at twenty weeks, showing that collapse 
if di=c occurs carh' and does not progress, and that ankjdosis does not occur in spite of injmy' to 
artilage plate, as seen in Disc 1. 


t. 5 curetted gently, and no attempt tvas made to break through the cartilage plates of the 
• rtebrae. 

Disc S; With the tenotomy knife, an incision was made transversely in the posterior 
igitudinal ligament and annulus fibrosus on the left side. Some nucleus pulposus material 
.\uded, but the disc was not curetted. 

Disc 4: A 20-gauge needle was pushed through the annulus fibrosus into the interior 
i' the disc. 

All wounds were closed with interrupted sutures of black silk. Of the fourteen dogs 
.jperated upon, wound infections developed in two; one of them. Dog 3. died and the 
other. Dog 6, which also had paraplegia, was sacrificed. In neither instance did the infec- 
tion involve the discs operated upon. Dog 1 died of distemper at seventeen weeks; two 
iinimals. Dogs 9 and 4, died of pneumonia two and five days, respectively, after operation. 
Dog 7 was sacrificed at three and one-half weeks, after failure to recover from paralysis. 
T’’p remaining dogs were sacrificed so that spines were obtained from the series of dogs at 

wals varying from two daj's to twenty-eight weeks after the operation had been done, 
jn sacrifice or death of each dog, the lumbar portion of the spine vas removed, and 
." teroposterior and lateral roentgenograms were made. The spine wa=: thee dissected from 
e posterior aspect. The condition of the spinal canal was noted, and each of the four di-cs. 
e nerve roots, and the dura and its contents were inspected. The spine . - then fi.xed in 
rmalin, after vhich it was split sagittally. The right half of the spine was retained as a 
gross specimen, and the left half of each of the four discs operated upon, with the adjacent 
none, was removed and decalcified for microscopic study. 


OBSERV.VTION'S 


Macroscopic Changes 

In each Disc 1 (window made and \'igorous curettage) except o •>, and in each Disc 2 
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Fig. 4 


Gross specimens. Dog 8 at twenty-two weeks c.xhibited protrusions at all four discs, and Dog o 
at twenty weeks e.xhibited protrusions at Discs 2 and 3 and scar formation at Discs 1 and 2. 

Spine viewed posteriorly, with laminae removed. 

(window made and gentle curettage), collapse of the disc and narrowing of the disc space 
were visible in the roentgenograms and in the sagittal sections of the gross specimen. In the 
latter, the soft bulging nucleus was not present; in the older experiments the nucleus was 
replaced by fibrous tissue. The adjacent nerve roots were adherent to the discs operated 
upon in every instance, and these adhesions were more dense in the experiments of longer 
duration. In six of these roentgenograms, damage to the bone by the curette was visible at 
Disc 1. 

Moderate protrusion of the disc substance at the site of the operative defect was 
present in three of the first and four of the second discs, and slight protrusion was present 
in four of the first and four of the second discs. In the longer experiments, these protrusions 
were firm and resembled some of the disc protrusions seen in patients at operation. In the 
remaining thirteen first and second discs of this group, the defect in the annulus fibrosus 
was obliterated by fibrin or fibrous tissue, and the site of the operative defect was level ^ 
with or depressed into the disc space. 

In the third discs, the annulus fibrosus in the floor of the spinal canal had been cut across 
with a tenotom}’- knife for a distance of about one-half the width of the canal, and some 
nucleus pulposus substance was seen to have exuded through the incision in each instance. 
In the gross specimens it was noted that the incision was closed by fibrin in the dogs 
sacrificed very early, and by fibrous tissue in those in which the experiment had lasted long 
enough for this tissue to form. In nine of the fourteen specimens the adjacent nerve root 
was adherent to the third disc, but the adhesions were not so dense or extensive as were 
those which bound the nerve roots to Discs 1 and 2 in the same specimens. The scar of the 
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Fig. 5-.\ 


Fig. 5-B 


Early surface healing of Disc 2 of Dog 3 at five and one-half weeks (Fig. 5-Aj and of Disc 1 of Dog 14 
at eight weeks (Fig. o-B). Disc cartilage and debris in disc ca\'ity of Dog 14. 



Fig. 6-.A. Fig. 6-B 


Surface healing in Disc 2 of Dog 14 at eight weeks (Fig. 6-.A.) and of Dog 13 at fifteen weeks (Fig. 
(>-B), with failure of deeper layers of the annulus fibrosus to heal and with dbe cartilace displaced 
beneath the thin surface layer. The fifteen-week specimen showed a moderate disc protrusion. 
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Fig. 7-A Fig. 7-B 


Typical disc piotiusion at Disc 3 of Dog 5 at twenty weeks (Fig. 7-A), and model ate piotrusion of 
Disc 3 of Dog 2 at twenty-eight w'eeks (Fig 7-B). 

protrusion of the nucleus pulposus. These tvere firm, smooth, domelike projections and 
closely resembled disc lesions encountered in patients at operation for the removal of pro- 
truding intervertebral discs. In five other specimens (dogs sacrificed at twelve, three and 
one-half, eight, fifteen, and sixteen weeks), slight protrusion of the intervertebral disc was 
present at the site of the incision in the annulus fibrosus. There was moderate collapse of 
the disc, with narrowdng of the intervertebral space of Disc 3 in two dogs and slight 
collapse of the disc and narrowdng of the space in six dogs. 

Six of the specimens of Disc 4, which had been punctured once bj'’ a 20-gauge needle, 
appeared normal on gross examination. In eight, the site of the puncture could be identi- 
fied as a minute scar; and in three of these, there Avere slight adhesions betAveen the 
posterior surface of the disc and the adjacent nerve root. In one instance (dog sacrificed at 
tAA^enty-tAAm AA^eeks), Disc 4 exhibited a small but definite and characteristic posterior herni- 
ation and protrusion of the nucleus pulposus at the site of the needle puncture. The 
adjacent nerve root AA-as slightly adherent to this disc protrusion, and there Avas slight col- 
lapse of this disc AAuth narroAAdng of the intervertebral space. In the other thirteen speci- 
mens, there Avas no definite collapse or narroAAdng at Disc 4. 

In all fourteen specimens, the dura AA'as adherent to the muscle and fibrous tissue AA^hich 
closed the laminectomj’- defect, and in the dogs sacrificed later these adhesions AA^ere quite 
dense, but they did not appear to compress the intradural contents or the adjacent nerve 
roots. As AA’as noted preAdously, there AA^ere in most instances adhesions betAA^een the opera- 
tive site in the disc and the anterior suiface of the dura and the adjacent nerve roots, but 
the lateral epidural space AA’as filled Avith epidural fat. 

In one instance (dog sacrificed at sixteen AA’eeks), a small cotton pledget AA’as found 
overlydng the site of operation in Disc 1. This AA’as infiltrated AA’ith fibrous tissue and AA’as 
bound to the adjacent structiues, but apparently it had not done any harm or produced 
any symptoms. In some of the older specimens, there Avas some ncAV-bone formation 
posteriorly, AA’ith beginning legeneration of the laminae, but in no instance AA’as there any 
CA’idence of bony fusion of the bodies of the A’crtebrae. 
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Fig. S-.'V Fig. S-B 


Fibrosis of central part of Disc 1 of Dog 2 at twenty-eight weeks (Fig. S-.\), and cartilage invasion of 
the lx)ne through defect created bj' curette in cartilage plate of Disc 1 of Dog 14 at eight weeks 
(Fig. S-B). 

Microscopic Observations 

In the specimens of Disc 1 from dogs which died on the second and fifth daj's after 
operation, the operative defect was sealed over with fibrin and the disc space contained 
some extravasated blood, bone, cartilage debris, and fibrin. In the later specimens, the 
operative defect was sealed by a layer of fibrous tissue, which was relatively thin, as com- 
pared with the annulus fibrosus, and the densit 3 ' of which increased, the longer the duration 
of the experiment. In those instances where the microscopic section was taken through a 
disc protrusion, the laj'er of fibrous tissue covering the disc was unusualh- thin and bulged 
outward from the disc ca\'itj' with the displaced cartilage tissue of the nucleus pulposus. 

Microscopic sections of the interior of Disc 1 showed a fluid which contained a thin 
fibrin coagulum. In this were suspended various islets or masses of cartilage from the 
nucleus pulposus, as well as occasional bits of bone and hj-aline cartilage, which had been 
detached from the bodies of the adjacent vertebrae bj- the rigorous curetting. The surface 
laj-ers of these masses of cartilage from the nucleus pulposus were granular in stnicture 
and stained deeplj' with eosin; thej’ contained no li-ving cells, and appeared necrotic. The 
fluid in the disc carity contained verj' few cells of anj' sort, except for degenerating blood 
cells where the experiments were of short duration. The detritus from the operative 
trauma had, apparently, disappeared quite slowly from the disc space. In the longer 
experiments there was considerable fibrosis of the disc substance (Fig. S-A). or at least 
thickening of the annulus fibrosus in the area not involved in the operative defect, and 
there was some invasion of the underh-ing bone bj' cartilage in areas where the curette had 
broken through the cartilaginous plate of the vertebra (Fig. S-B). These areas resembled 
microscopic Schmorl’s nodes. 

The microscopic sections of Discs 2 and 3 e.xliibited changes similar to those of Di^c I. 
as described before, e.xcept that the cartilaginous plates of the vertebrae were intact and no 
bone fragments were found in the disc space. The protrusions were similar to those de- 
scribed; in some of these, a channel could be traced doum to the interior of the disc (Fig. 
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Fig. 9-A Fig. 9-B 

Appio.ximately noimal Disc 4 of Dog 14 at eiglit ivccks (Fig. 9-A), and piotiusion of Disc 4 of Dog 8 
at twent 3 '’-t\vo weeks (Fig. 9-B), witli minute islets of caitilage distiibuted thiough the disorganized 
fibious tissue of tlie annulus fibiosus. 


7-A), and this apparentl}^ had contained fluid. In others, the protruding cartilage was 
subdivided into two or more masses by fibrous tissue. 

It was noted that the annulus fibrosus had a very poor blood supply, and that the 
defects in the annulus fibrosus tended to heal at the surface, while the operative defect in 
the deeper la5'’ers tended to remain open for a long time (Figs. 6-A and 6-B). 

With the exception of Dog 8, sacrificed after twenty-two weeks, sections of Disc 4 
which were examined (Fig. 9-A) revealed nothing abnormal, and the site of the needle 
puncture could not be identified. In Dog 8, Disc 4 showed disorganization of the annulus 
fibrosus and a protruding disc with minute islets of cartilage scattered throughout the 
fibrous tissue (Fig. 9-B). 


DISCUSSION 

The experiments were performed by operating through the spinal canal in much the 
same manner as the operations on patients for the removal of disc protrusions, and it is 
believed that the experimental lesions are comparable to those produced by operations on 
patients. In none of the experiments was bony ankylosis produced between the bodies of 
the vertebrae. Consequently, it is doubtful that it is practical to curette the disc space 
sufficient!}'- at operation to expect bony fusion to occur. To do so would involve excessive 
traction on and trauma to the adjacent nerve root, and would not be good surgeiy. 

In the experiments, the collapse of the vertebrae, with narrowing of the disc space, 
occurred promptly after the operation and was not seen to progress throughout the dura- 
tion of these experiments (Fig. 2). The production of posterior protrusions of the nucleus 
pulposus, on the other hand, appeared to be a slowly progressive phenomenon. The earliest 
well-developed protrusion was noted in a specimen removed twent}'- weeks after the opera- 
tion. Apparentl}" the surface of the defect heals over with a thin layer of fibrous tissue, 
while the deeper part of the defect remains unhealed and in communication with the 
cavity in the disc. This cavity is filled with fluid which is under pressure and which causes 
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hulp:ing of tlic tliin surface tissue; some of the freely floating disc cartilage is displaced into 
the i)rotrusion and becomes fixed there. 

The protrusions were more prominent and slightly more numerous in the third discs, 
which were merely incised and not curetted, than they were in the first or second discs, 
which were curetted. However, it did not seem to make much difference whether the 
curetting was gentle or vigorous, since the postoperative protmsion formation was about 
the same in each instance. It is possible that the protrusions would occur more freciuently 
in an upright animal, where the pressure within the disc is greater, but the muscle tone and 
movement in the dog arc evidently sufficient to cause typical protrusions of the nucleus 
pulposus into the spinal canal, if the posterior portion of the annulus fibrosus is weakened 
by a surgical incision which is permitted to heal. 

In the fourteen discs (all Disc 4) which were punctured once (not aspirated) by a 
20-gauge needle, a typical protmsion occurred in one instance. This indicates that this 
same phenomenon may occur in patients — as reported by Pease and others — and that a 
complicating infection may not be necessarj- for the production of a pathological disc le- 
sion after injurj* to the disc during a lumbar puncture. 

After operation on Discs I and 2, the constant presence of adhesions which involved 
the adjacent nenm roots was especialh- impressive, and they are a possible cause of sjunp- 
toms in patients in whom the spinal canal has been explored after an unsuccessful disc 
operation. 

The authors believe that during disc operations the neiwe roots should be protected 
from trauma in ever}* way possible. The disc space should be gently, but thoroughl}', 
curetted, \vithout any attempt to break through the cartilaginous plates of the vertebrae; 
and everx'thing possible should be done to pre%'ent postoperative adhesions invohung the 
neiA’e roots. 

The experiments suggest that the primarj- lesion which leads to a protmsion of an 
intervertebral disc is a weakening of the posterior portion of the annulus fibrosus. This 
may be due to degenerative changes or to injurj*. The degenerative changes in the nucleus 
pulpoais appear to be secondarj', as suggested bj' Eckert and Decker. 
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DISCUSSIOX 

Dr. Edw.ard L. Cojipere, Chicago, Iluxois: We are indeed indebted to Dr. Key and Dr. Ford for thi.s 
e.vcellent experimental studj-, in which they have ansa-cred to a considerable degree some of the many prob- 
lems which have puzzled all of us a-ho have had occasion to deal clinically with the problem of the inter- 
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vertebral disc. One should perhaps mention the fact that in laboratory animals, such as the dog, the nucleus 
pulposus is much more fluid than it is in tire human, with the exception of the infant. Slight injuries to the 
annulus fibrosus would be more likely to produce extravasation of the gelatinous fluid in the dog than in the 
adult human, in whom the nucleus jjulposus is palpi'^ and not fluid. 

Also, as mentioned by the essajdsts, in the dog the pressures c.xcrted on the intervertebral disc before and 
after injury are those produced by the muscles, and are not so great as in animals in which the spine is 
vertical most of the time. 

About ten years ago. Dr. Donald Keyes and I carried out similar c.xperimcnts on the monkey. The 
monkey does assume the upright position. Upon injury to the annulus fibrosus, there was almost immediate 
collapse of the disc space. This would not occur in the human being, because of the difference in the nature of 
the content of the disc. In the human, the pulpj’^ material would be c.vpresscd over a long period of time 
after the injury. 

In all of the monkeys, arthritic changes developed on the margins of the vertebrae, following loss of the 
disc material. The intervei'tebral disc is an important structui-e, essential to the normal phj'siologj' of the 
spine. It is the shock absorber between the vertebral bodies, and it keeps them from striking against and 
eroding each other. When the disc is lost as a result of surgical removal or of intervertebral injuries, backache 
may pei-sist for months or years, unless the spine is stabilized. 

I am pleased to note that vigorous curettement of the disc has been condemned by Dr. Ke}’- and Dr. Ford 
on the basis of their experimental results. 

I am not willing to accept the reports of several neurosurgeons that thej’’ were able to fuse the vertebral 
bodies by simply cui’etting the disc space. In i-eviewing m}' cases over a period of ten years, I have not 
found one in which there was demonstrable evidence of fusion between the vertebral bodies after disc 
removal. The same was true in our experiments in which monkeys were used. About eight months ago. Dr. 
Paul Milligan, one of our orthopaedic residents, began a series of e.xperiments with dogs. He removed the 
discs through the spinal canal. In one group of animals, the spine was not supported. In a second group, he 
performed an interlaminal fusion. The animals have not been sacrificed, but it is our impression from study 
of the roentgenograms that there are less degenerative changes in the spines of those dogs in which the 
laminae were fused. In none of the dogs where the disc was merely curetted has fusion taken place. 

Dr. Lee T. Ford (closing): I wish to thank Dr, Compere for his kind remarks. 

The reason we have not done a fusion operation in our cases is because of clinical experience, not because 
of experimental work. Dr. Key has, in the past, combined the disc operation with spine fusion, but has not 
been satisfied that the result is more satisfactory than that obtained by mei’ely removing the offending disc. 
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Bone and Joint Changes in Heaiophilia 
{Continued from •page 600) 

layed coagulation time being unknown, the treatment is non-specific and unsatisfactory. It is the opinion of 
most I'csearch workers that the cause is a decreased amount of plasma thromboplastin, and it is hoped that 
further investigation may develop some purified form of thromboplastin which will be of real help. In the 
meantime, one must resort to the application of fresh blood oi- plasma and pressure to superficial cuts and 
lacerations; transfusions of blood, thirty to forty cubic centimeters every few hours, should be administered 
until early healing has been accomplished. In cases of emergency, operations may be undertaken if small 
quantities of blood can be administered several times before operation and continued through the healing 
period after operation. These measures may suffice for procedures which involve little cutting of deep tissues, 
but those whicli involve section of the bones or extensive severance of muscles may result in uncontrollable 
bleeding. When the factor of infection and tissue sloughing is introduced, the problem is so grcatlj" compli- 
cated that most patients do not survive. 

I am unable from my own experience to comment on cases of pseudotumor, as described by the authors. 
I liavc treated two adolescent bo 3 '‘s who had contractures of the knee after repeated intra-articulai hemoi- 
rhages. Both patients had resorted to the use of cratches, because of inability to straighten the knee. In both 
cases the condition was corrected rather easily’ b 3 ' gradual stretching in plaster; the patients subsequcntlj 
used braces for several months, regained, for the time being, useful ranges of motion, and were able to \\a 
without crutches. 
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ASEPTIC NECROSIS IN GAUCHER’S DISEASE 

nv ALVIN M. ARKIN. M.D., AND ALBERT J. SCIIEIN, M.D.. NEW YORK, N. Y. 

Vrom the ^^olln( Stnai Xeir Yorl: City 

In a previous paper, the authors described and attempted to classify hip-joint changes 
in Gauclicr’s disease. Apart from the statement that changes in the femoral head in children 
resemble tho^e of Legg-Perthes disease, and that the ultimate changes in the hip joint in 
adults might be of degenerative origin and might be secondarj' to these childhood lesions, 
no attempt was made to interpret the pathological-physiological background for these 
changes. Subsequently, in the one patient treated by prolonged relief from weight-bearing, 
almost complete restitution of the femoral head took place. At about the same time, cases 
of Gaucher's disease in adults were encountered, which markedh' resembled cases of 
caisson disease, at least until regard to the bone changes. In addition, in one of our adult 
cases, roentgenograms taken during childhood indicated that the condition actually had 
begun, as we had hi'pothesized. in childhood as a Legg-Perthes-like condition. 

These facts strongly suggest that one of the; determining factors in the occurrence of 
hip-joint manifestations in Gaucher's disease is the presence at some time, in childhood or 
adult life, of aseptic necrosis in the femoral head. Phemister discussed the known and un- 
known causes of such changes. .AJthough he included the lesions of traumatic origin, such 
as fractures and dislocations invohdng the known blood supply of the injured parts, and 
the non-traumatic lesions, such as caisson disease, arteriosclerosis, osteochondritis dis- 
secans of the hip in adults, and Legg-Perthes disease and the other osteochondroses of 
childhood, he did not include Gaucher's disease. He did mention that he had seen collapse 
of the femoral head with osteo-arthritis of the hip in Gaucher’s disease, which resembled 
idiopathic osteochondritis dissecans of the hip in adults. 

This paper is presented for the purpose of drawing together these various obsen*a- 
tions, as they are related to the occurrence of a pattern which suggests that aseptic necrosis 
of bone is a significant factor in Gaucher’s disease of bone. 



Fig. 1-A 

December 1939. Earh- changes simulating Legg-Perthes disease. 
* Orthopaedic Sendee of R. K. Lippmann, M.D. 
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Case 1 (Case 1 in the previous ijaper). M. D., a German- Jewish girl, was ten years of age when admitted 
to the Mount Sinai Hospital on October 18, 1939. The diagnosis of Gaucher’s disease was made, and was 
confirmed by sternal-bone-marrow puncture. Roentgenograms showed clubbing of the lower ends of 'both 
femora. The left hip showed caz’ljHemoral-head changes, resembling liCgg-Perthcs disease (Figs. 1-A and'l-B). 


Fig. 1-B 

May 9, 1940. Further necrotic changes in the femoral head. 
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Fig. 1-D 

Fcbruan- 1943. Only a small area of increased density remains in the center of the femoral head. 



Fig. 1-E 

Januaiy- 1944. .Apparent reconstitution of the head, resembling healed Legg-Perthes disease 


She improved rapidly, both clinically and by roentgenogram, with bed rest. Roentgenographic emmina- 
tion in September 1941 showed definite, though partial, reconstitution of the structure of the head (Tiir. I-C). 
On October 22, 1942, reconstruction of the head, as checked by serial roentgenograms, had proceeded <=o far 
that gradual resumption of weight-bearing a as allowed. 

The patient was again seen early in 1943 (Fig. 1-D). She walked well, without pain. The angle of greatest 
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flexion was 80 degrees; tlie angle of greatest extension was 180 degrees; external rotation was 0 degrees, in- 
ternal rotation 25 degrees; abduction was 10 degrees, adduction 25 degrees. 

The girl returned to school on May 25, 1944. licr last examination, on July 27, 1944, revealed that the 
angle of greatest flexion had increased to 65 degrees. Tlicre was slight restriction of abduction and rotation. 

This is the onl}'- case report the authors could find in which reconstitution to a state 
approximating normal, roentgenographically and clinicall}^ occurred in a case of Gaucher’s 
disease, involving the femoral head and hip joint, while the patient was under observation. 
Presumably, this fortunate outcome was due, as is true in Legg-Perthes disease, to protec- 



Fig. 2-A 

September 29, 1925. Infiltration into both femoral heads during adolescence. Legg-Perthes-like 
changes in the left femoral head. 



Fig. 2-B 

June 7, 1929. Healed stage, showing flattened mushroomed heads which resemble the healed stage 
of Legg-Perthes disease when the heads liave not been protected. 
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tion from weight-bearing while the necrotic-appearing, reorganizing bone and cartilage of 
the involved joint were still in the plastic stage. It remains to be seen whether further 
changes during late adolescence and adult life will ensue, including hypertrophic osteo- 
arthritis. However, during the five years in which the girl has been under observation, all 
changes have been in the direction of improvement and not regression. 

Indeed, it is likelj^ that one of the reasons for the advanced degenerative changes seen 
in adult patients has been the lack of protection in childhood from weight-bearing, during 
the pliable stages which occur in this hip condition. The following case is an example of this. 

Case 2 (Case 8 in the authors’ previous paper and reported in detail by Melamed and Chester.) In this 
man, S. F., the diagnosis of Gaucher’s disease was established by splenic puncture. His .symptoms began in 
1921, at the age of twelve, and were marked by generalized bone tenderness; by 1930, spinal pain and de- 
formity (gibbus) were present. 

Roentgenographic study showed numerous collapsed vertebrae. The pelvis showed cystic changes in the 
innominate bones, especially near the acetabulum. The femoral heads were flattened anc| irregularly mush- 
iwmed. Cystic changes were present throughout the heads and shafts, with broadening of the latter. The 
lower ends of the femoral shafts showed the typical clubbing or bottle shape. Other less marked changes were 
present in the right fibula and tibia, as well as in the left radius and right humerus (Figs. 2-A, 2-B, 2-C, and 
2-D). Postmortem e.xamination showed the osseous t3^pe of Gaucher’s disease. There was involvement of the 
lymph nodes, liver, spine, pelvis, right humerus, and left radius. 

The hip changes were only incidental in the clinical picture and gave rise to few symp- 
toms or signs. Only recently have the patient’s original roentgenograms, taken during 
adolescence, been found in the library of the X-ray Department (Fig. 2-A). These show 
the earlier condition of the hip joints, tvhich resembled the infiltrative, Legg-Perthes-like 
process seen in Case 1. This patient had not had adequate protection from weight-bearing 
during childhood, and this may have been a factor in the deforming change which devel- 
oped in the hip joints. Here, however, the splenectomy, with its resultant increase of Gau- 
cher-cell deposition in the bone marrow, may have played a major role in causing softening, 
compression, and degeneration in many of the bones, notably in the spine. 

Case 3. A. S., a male, aged thirty-nine, stated that, in 1921, he had accidentally stepped on a nail and 
a tetanus infection had developed. Two weeks after this, an infection of the shaft and trochanteric region of 
the left femur had developed. This required operative intervention on sevei-al occasions during the following 
si.\' years. In 1927, the patient felt well enough to return to his regular work. The entire wound was completely 
healed, and he was asymptomatic. In February 1933, the patient had a fracture of the left mandible. The 
roentgenograms taken at that time suggested a pathological fracture. In 1939, he had pain in the light liip 
region with slight fever. The fever readily subsided, and a diagnosis of arthritis with partial ankylosis of the 
right hip was made. The patient then returned to his regular work, where he remained for two years. 

Wlien next seen, physical examination revealed the following: There was an increase in lumbar lordosis, 
with a right-thoracic left-lumbar scoliosis. The patient walked with a bilateral hip limp. The Trendelenburg 
test was positive on the left side. The left lower exti-emity was one and one-quarter inches shorter than the 
right. Motion at both hip joints was markedly restricted. In the left hip the angle of greatest flexion was 50 
degrees; the angle of greatest extension was 165 degrees. There was marked restriction of adduction and ab- 
duction, as well as of internal and external rotation. Motion of the right hip joint was similarly limited. The 
angle of greatest extension was 165 degrees, and there was marked limitation of abduction and adduction 
and of internal and external rotation. Abdominal e.xamination disclosed the presence of a large spleen. 

Roentgenograpliic examination of the pelvis, including both hip joints, showed advanced destructive 
arthritis, strongly resembhng aseptic necrosis. Incidentally, a marked increase in density of the fourth lumbar 
vertebra was seen (Fig. 3). 

Significant laboratory tests were the following: 

Serum calcium 10 milligrams per 100 cubic centimeters 

Serum phosphorus 3.2 milligrams per 100 cubic centimeters 

Serum phosphatase 12 King-Armstrong units 

The bone-marrow studj-^ showed the presence of Gaucher's cells. 

In this patient, because of the history of supposed recurrent osteomyelitis, Gaucher’s 
disease was not suspected until roentgenographic studies had been made, which showed 
the advanced changes in the hips and in the fourth lumbar vertebral body. The sple- 
nomegaljf tvas then noted. The diagnosis was made definite by aspiration and biopsy of 
sternal bone marrow. 
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Fig. 3 


March 23, 1943. Di.=intc(rration of both hip joint.*, due to aseptic necrosis in Gaucher’s disea.=e. 

(Note density of fourth lumbar vertebral body.! 

‘ The roentgenographic changes in the hips suggested the end stages of advanced 
aseptic necrosis of both femoral heads, with more destniction on the left side; some of 
these changes may have been due to operative trauma or secondarj- infection, as a result 
of the several surgical attacks made on the lesion years before. The increased density of the 
fourth lumbar vertebra is likewise suggestive of aseptic necrosis of the bone, rather than of 
actual infiltration of Gaucher’s cells, which presumably would have caused a rarefied 
lesion. 

C.\sE 4. S. X., a male, aged fifty, when seen in March 1944, presented the following hi=torj': Twenty-siv 
years before, an attack of “sciatica” had developed on the right side, which kept him in bed for si.v weeks. 
The pain was intense and radiated from the right hip to the right knee. He entered the United States -Army 
.shortiv thereafter, and remained well until four years ago. He stated that at that time he had a recurrence of 
severe pain in the right thigh, which confined him to bed for eight weeks. Thereafter, he remained a.=T.Tnpto- 
matic until two years before admission, when pain developed in his left shoulder. At a ^'eterans Hospital, a 
rliagnosis of bursitis was made. He was given a course of diathermy and recovered within six week*. He rt-- 
mained well until one year ago, when severe pain developed in hi* left hip, radiating down into the left knee. 
He returned to the Veterans Hospital, where a number of teeth were removed. Diathermy treatments to 
the left hip were given for a period of «even week*. The recovery was incomplete, and he continued to have 
pain in the left hip region. Pain recurred in the left shoulder, a.*sociated with progressive limitation of abduc- 
jion. A limp also developed on the right side, because of recurrent sharp pain in the right thigh and knee. 

Physical e.vamination revealed that the patient had great difficulty in bearing weight becau*e of pain in 
both lower e.xtremities; this pain was located in the hip*, thighs, and knees. He walked ndth a bilateral limp 
There was marked atrojAy of the right thigh and buttock. Motions of the right hip were restricted to a ma.\i- 
mum flexion of 100 degrees; adduction and abduction, and internal and external rotation were 3lr*ent. Mo- 
tions of the left hip were also markedly restricted in all directions. Abduction of the left shoulder wa* limitfri 
to an angle of 110 degrees. 

Roentgenograpliic e.xaraination of the pelvis (done prexdously at the Mount Sinai Consultation Clinic) 
disclosed a destructive arthritis of the right hip joint, resembling the aftermath of a.*eptic necrosis of the fem- 
oral head (Figs. 4-A and 4-B). Roentgenographic examination of the right femur showed areas of density in 
the lower portion of.the shaft, resembling aseptic infarction (Fig. 4-C). Roentgenographic e.xamination of the 
left shoulder suggested aseptic necrosis with degenerative arthritis of the head of the humeru* (Fig. 4-D). 
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Significant laboraloiy tests were the following: 

Scrum calcium 7.4 milligram.s per 100 cubic centimeters 

Serum phosphorus 2.7 milligrams per 100 cubic centimeters 

Sternal-marrow study showed the piesence of Gauchcr’.s cells. 

In this case, on the basis of the clinical examination and the foentgenographic findings, 
a tentative diagnosis of caisson disease Avas entertained, but no corroborative histoiy of 
industrial or other exposure could be obtained. This case, then, Avould have corresponded 
with Phemister’s cases of aseptic necrosis of unknown ctiologj^ of the femoral heads, hu- 
meral head, and a femoral shaft, if a routine sternal-bone-marrow puncture had not shown \ 
that the basic nature of the condition was Gaucher’s disease. Here, as in several of the other 
cases, there were no sj'-mptoms related to the shaft lesion; and the manifestations in the 
joints were relatiA'-el}'- mild, considering the extensive bone changes. 

Case 5. J. G., a woman, aged twenl j'-four, had had a diagnosis of Gaucher’s disease at the age of thirteen 
at another hospital, confirmed by sternal-marrow puncture in the Out-Patient Department and wards of the 
Mount Sinai Plospital. She had had intermittent and chronic anaemia, purpura, weakness, delayed develop- 
ment, and enlargement of the liver and spleen. Recently, the onh’ sympt om was pain in the right knee without 
swelling, but with some restriction of motion. Bilateral brui.sing and diffuse aches of the Ipwcr portions of the 
legs had habitually been present since childhood. 

Plwsical e.xamination was negative, c.xccpt for a .slight Ij' enlarged liver, which was palpable one finger’s 
breadth below the right costal margin; a huge spleen, reaching down almost to the edge of the pubis, but 
frceljf movable and ballotablc; and recurrent ccchymoscs over the legs and ankles. 

Roentgenographic examinations (Fig. 5) of the femoral shafts showed the tj'pical clubbing or “leathei- 
bottle ’’ shape of the lower portion. There were associated rarefying changes in the left femoral shaft, suggest- 
ing cyst formation. The upper portion of the left tibia showed a mild sclerosing lesion of the metaphyseal 
region, reminiscent of absorbing caisson disease or aseptic infarction of bone. 

This is another case in tvhich, among the other typical bone changes associated Avith 
Gaucher’s disease, the areas of increased densitj'’ in the upper left tibial metapliA'-sis indi-v^ 
cated the presence of bone infarction similar to that occurring in caisson disease, but due, , 
not to embolism, but rather to infiltration of Gaucher cells. In caisson disease, shaft lesions 
aAvaj'- from the joint do not usually cause sj^mptoms, but this patient had a definite history 
of knee-joint irritation. This frequently accompanies the changes in the loAA’-er portion of 
the femur, associated Avith Gaucher’s disease. 

Case 6. F. R. (Case 7 in the previous paper and Hospital No. 417222). This case was previously reported 
because of the changes in both hip joints. Of interest was a pathological fracture of the left tibia, two inches 
below the knee, Avhich occurred in March 1934. This fracture healed slowly, and union was firm in Ma}" 1935, 

Roentgenographic examination on January 22 , 1943 (Fig. 6 ), shoAved a femur Avith 
typical Gaucher clubbing, infiltration, and cystic changes. The left upper portion of the 
tibia shoAved an area of increased density in the medullary metaphyseal region, suggestive 
of bone infarct as seen in caisson disease. HoAA^ever, this, plus the slight boAAung of the 
upper portion of the left tibia, ma}'- be in part due to the old pathological fracture. 

DISCUSSION OF P.-VTHOGEKESIS 

The pathology of this disease has not been studied AAuth special reference to the pres-^ 
ence or absence of aseptic necrosis. The most exhaustive study, summarized by Pick, 
contains no mention of this aspect, although he speaks of large nodules in the medullary 
caAuty, AA-hich, hoAA'CA^er, are not specifically described as of increased density. He speaks of 
Gaucher-cell infiltration as folloAA's: “luAmsion of the head of the femur, Avith depression 
fracture and resulting deformity, leads to a deforming arthritis of the hip joint”; but he 
does not describe in detail the lesions or the increased density AA’hich Ave have uniformly 
noted in our cases. 

Pure Gaucher-cell infiltrations are characterized by radiolucency and rarefied ai'cas in 
bone. Hoav, then, may AA'e explain the areas of increased density noted in the femoral 
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Fig. .5: Case 5. Roentgenogram* of the left femur, shonnng U-pieal Gaucher changes. Upper portion 
of the left tibia shows a mild .sclerosing lesion of the metaphyseal region, reminiscent of absorbing 
caisson disease or aseptic infarction of bone. 

Fig. 6: Case 6. Januarc 22, 1943. Tj-pical Gaucher's disease of the left femur, with clubbing, infiltra- 
tration, and cystic changes. 'The upper portion of the left tibia shows an increased densitj- in the medul- 
larj- metaphy.«eal region, suggestive of bone infarct as seen in caisson disease. .4130 note slight bowing 
of upper portion of tibia, due to old pathological fracture. 

heads and the shafts of various bones, as mentioned in the case reports? We believe the 
most likely explanation is that the Gaucher cells, which are known to surround and infil- 
trate small arteries and capillaries, at times sufficiently cut off circulation to produce asep- 
tic necrosis of bone. Certainly, roentgenographicalh' and clinically, the course clo.sely 
parallels that of aseptic necrosis of bone of other etiologj* in which the pathologj' has been 
confirmed. 

Xote: The authors gratefully acknowledge their debt to R. K. Lippmann, M.D., who =uggested this 
investigation. Thanks are due to Benjamin B. Greenberg, M.D., for permission to report Ca.=e o. 
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COEXISTING MULTIPLE MYELOMA AND PAGET’S DISEASE OF BONE 

TREATED WITH STILBAMIDINE 

BY CARL REICH, M.D., AND ALEXANDER E. BRODSKY, M.D., NEW YORK, N. Y. 

From the Lenox Hill Hospital, New Yorlc City 

The object of tliis report is, first, to desci’ibc a case of coexistent muitipie myeloma^'. 
and Paget’s disease of bone (Figs. 1 and 2), and second, to set forth the authors’ experiences 
with stilbamidinc in treating this case of multiple m3''eloma. 

The authors have been unable to find any record in the literature of the coexistence 
of Paget’s disease of bone and multiple m^'^cloma, although Snapper had one such case, 
confirmed by necropsjL The diagnosis of multiple m3'-eloma was definite^’' established in 
this case by sternal-marrow studies, but no biopsy material could be obtained from the 
affected left hip. However, the roentgenographic aiDpearance of the femur unquestionabb' 
fulfills the classical criteria of Paget’s disease of bone. 

The authors are unable to explain the appearance of these two disease entities in 
their patient, or to postulate an3'- tenable cause-and-elTect relationship of the two. How- 
ever, we feel that it is important, especialb'^ for diagnostic significance and for proper man- 
agement of the patient, to point out that the two ma3’’ coexist. Upon looking at the pa- 
tient’s roentgenograms, one might at first be tempted to explain the picture on the basis 
of Paget’s disease alone, for the areas of circumscribed osteoporosis, which in this case 
were caused by multiple myeloma, could have been interpreted as the "osteoporosis cir- 
cumscripta” of early Paget lesions, which the3’’ resemble 

The patient reported here was treated elsewhere for four 3^ears without the multiple 
myeloma being detected, but, after diagnosis had been established, stilbamidine therapy 
relieved his pain. Thus it ma3'’ well be that similar cases have occurred, where the multiple 
myeloma was not diagnosed because of the absence of Bence-Jones proteinuria and be- 
cause sternal-marrow studies were not done. 

The frequency with which multiple m3'-eloma and Paget’s disease are to be found in 
the same patient is a matter for speculation. However, those who have reported on the 
pathology of Paget’s disease have failed to mention plasmocytic changes in the marrow of 
such patients at necrops3'' and Tronchetti failed to note an3'- characteristic or unusual 
features in the marrow of three patients ivith Paget’s disease. Nevertheless, we believe 
that the case reported here would indicate the advisability of excluding multiple m3''eloma, 
b3'' means of bone-marrow studies, in those cases of Paget’s disease where there are areas 
of circumscribed osteoporosis, even in the absence of Bence-Jones proteinuria and h3'^per- 
globulinaemia. 

Because the roentgenographic appearance of Paget’s disease occasionalb'' is simulated 
b3'' metastases of carcinoma of the prostate, a careful work-up was done to exclude this 
possibility; no prostatic or other condition that might produce this picture was found. 
The additional possibi]it3^ of multiple myeloma producing Paget-like changes in the . ^ 
roentgenogram can be ruled out b3'^ the absence of any mention of such an occurrence in 
the numerous reports on multiple m3’’eloma All accounts of multiple m3’^eloma concur 
in describing the bone lesion as a discrete area of decalcification, distinguished by the 
complete absence of an3'' adjacent sclerosis and altogether without an3’’ resemblance to 
Paget's disease (Fig. 2). 

CASE REPORT 

tv. L., a white salesman, fifty-two years old, wa.s admitted on A’ovonibcr 11, 1940, eomplaining of con- 
stant pain, of four years’ duration, in the entire back and in the anterolateral portions of both .sides of the 
thorax, as well as recurrent, mild aching pain in both shoulders. He had become round-.shouldercd and .shorter 
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in hoiclit. Prior to .'ulmi^-ion, tlio pationt Iiacl been tn'ated for “arthritic of the spine’’: he had received 
pl\y'.iotl\erapy, ortliopaedic applianci", and variou' injected medication= elscnhcre n-ithout benefit. He had 
lieon forced to ^top workinc tliret' jear- iiefore, and had lo't forty pounds during the past few years, from a 
pn'viou' liipli of 2 tfi pound- He Iiad noted no increa-e in hat or glove sire. 

Hi- pa-t hi-tory n've.iled that a choiccy-tectonn had been performed in 1936, followed bv wound 
dehi'cence and po-toiierative pneumonia. large inci-ional hernia cn=ued, and was repaired -uccessfullv in 
necemlMT 1913 He had had pneumonia twelve time- -ince 1919, with the la=t nine episodes occurring m the 
pa-t four or five year-, u-u.ally biannually The re-pon-e to chemotherapy had alway- been prompt, wath 
complete n-olution. The la-t -uch attack occurred dunng the pre-ent stay in the ho-pital, and resembled the 
previoti- attack-. Tor -everal year- he liad noted hoar-ene— and a chronic cough, which he attnbuted to 
e\ct'-,'ive -inoking 

IXamination di-clo-sal a heavy --et, well-noun-hed white male of swarthy complexion with a protu- 
Ix'rant abdomen, he -tood on a widened ba-e, wath hi- hand- on his hip- in an effort to mamtain erect pos- 
!ur\ There wa- no definite limp, but hi- gait lacked normal rc-ihency The entire thoracolumbar spine was 
completely npd, with lo— of lumbar lordo-i- and wath tendemes- to pereu.-sion over the lumbar -pine There 
wa- moderate limitation of abduction and internal rotation of both hip-, but motion of the shoulder- and 
cervical -pine w a- normal The head w a- free of tendernes-, enlargement, asyanmetry, defomut } , or exo-to-es. 
Mirror examination of the larynx revealed diffu-ely oedematou- hyperaemic vocal cord- which moved -lug- 
gi-hlv. The thorax wa- empliv -cmatou.-, with point tenderne— along the eighth and mnth nb- in the antenor 
axillarv line on the nght In both hilar region- there were moist rhonchi which disappeared after coughing. 
The abdomen wa- negative, except for a healed tran.-ver-e inci-ional scar in the nght upper quadrant Rectal 
examination wa.- negative, revealing .a -oft, -ymmetneal, non-tender, -mall prostate 

Roentgenograpliic examination showed marked diffu-e o-teoporo-is of the thoracolumbar spine wath 
ballooning of the intervertebral di-c- and wedging and compression of the bodies of the fourth, sixth, seventh, 
and eighth thoracic vertebrae The ccmcal -pine wa- well calcified and showed only mild hyqiertrophic 
change- The upper portion of the left femur pre-ented the charactcn-tic picture of Paget’s disea.-e of bone 
(expan-ion of the cortex, irregulanty of the medullary canal, cotton-wool irregulanty of the peno-teal con- 
tours, cro'S-hatch stnation-, and areas of dccrea-ed bone den-itv , irregularly interspersed wath area- of bone 


f 
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Fig. 1 

Roentgenogram of the pelvas, showing Paget’s disease of the upper portion of the left femur, .and, in 
the upper portion of the right femur, two large, sharply circumscribed punched-out area- in the mtir- 
trochantcnc region. L<i readily apparent are the many -mall decalcified area- in the pubic rami (Thr- 
roentgenogram has lieen reversed. > 
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Fig. 2 


Fig. 2; Roentj^eiiogram of llie riglU shoulder, laken at the “ 

same time as Pig. 1, illustrates numerous cystic area-s of r-^r^ -J 

varying sizes in the upper portion of the humerus. There 3 

is no adjacent bone sclerosis. The diffuse mottling of the 
ribs by similar punctate decalcifications is quite striking. 

Fig. 3; Photomicrograph shoivs a myeloma cell containing large basophilic granules in the cyto- 
plasm, after completion of the stilbamidine therapy. These granules were not present in any of the 
myeloma cells before treatment. Note the eccentrically placed nucleus and the large nucleolus. 

sclerosis). The upper portion of the right femur showed several moderatel}' large decalcified areas without 
adjacent sclerosis. Similar areas, from one to three centimeters in diameter, were present in the upper por- 
tions of both humeri, and punctate decalcification of the ribs was noted. The chest plates showed onb”^ ac- 
centuation of the bronchovascular markings. The skull films were negative, except for increased vascular 
markings. 

Blood count and urinab^sis wei’e normal, except that in the former there was a relative b'mphocj'tosis. 
The blood serum calcium (10 milligrams per 100 cubic centimeters), serum phosphorus (3.3 milligrams per 
100 cubic centimeters), and alkaline phosphatase (5.6 Bodansky units) were also within normal limitis. 
Numerous examinations of the urine for Bence-Jones protein were negative. Other laboratory tests wcie 
within normal limits. 

With these findings, there was a tendency to attribute the patient’s symptoms and his appearance to 
Paget’s disease. The possibility of coexisting osteitis fibrosa e^^stica was entertained, but this was later re- 
garded as untenable. The presence of multiple mj'eloma was suspected, because of the roentgenogiaphic 
appearance of the decalcified areas in the shoulders, ribs, and right femur, in spite of the absence of Bence- 
Jones proteinuria. Therefore, after a positive formol-gel test for hyperglobulinaemia, and the discovery of a 
high total serum protein (11.1 grams per 100 cubic centimeters) and a high serum globulin (6.9 grams per 100 
cubic centimeters), a sternal-marrow aspiration was performed. The presence of large numbers of m3"cloma 
cells conclusively established the diagnosis of multiple mj’cloma. The material obtained at three separate 
sternal punctures — one before stilbamidine therap3', on November 22, 1946, and the last two after the in 
stitution of stilbamidine treatment, on January 3, 1947, and January 25, 1947 all showed a bone maiion 
greatb' infiltrated by myeloma cells. Two types of m3'cloma cells were noted, which, for descriptive put poses, 
are designated as plasma myeloma cells and plasmablast m3'eloma cells. The plasma m3'eloma coll is the one 
usually regarded as the typical cell of multiple m3mloma, and was characterized b3' an irregularly staince 
cytoplasm and an eccentrically placed nucleus with perinuclear halo. The nuclear chromatin of this cell n as 
well condensed and stained deepl3^ However, there were other forms, which we term “plasmablast m3''eloma 
cells’’, much larger in size, with pale, evenly stained cytoplasm, a much larger nucleus with finely stippled 
chromatin, a nucleolus, and occasional^ evidence of amitotic division. 

On November 22, 1946, the patient experienced severe shaking chills and malaise, followed by a rise m 
temperature to 105.4 degrees within three hours, and a cough productive of blood-tinged sputum. Exa,mina- 
tion revealed onl3’ persistent moist rules posteriorly, over the lower lobe of the right lung field. Penicillin w as 
started immediately (50,000 units every three hours for the first twelve hours, and then 30,000 units every 
three hours for five da3's). Chest roentgenograms revealed a wedge-shaped consolidation, extending from t ic 
hilus into the right lower lobe. Sputum culture disclosed no .specific organism. His temperature dropped to 
100.2 degrees within twelve hours and to normal within sevent3’-two hours, with disappearance of all symp- 
toms and with the uneventful resolution of the pulmonary consolidation. . 

Dr. I. Snapper saw the patient in consultation on December 11, 1946, and concurred in the diagnosis o 
multiple myeloma and Paget’s disease. The patient was then placed on a diet free of all animal protein cxccp 
for fourteen ounces of milk, three .small servings of butter, and two ounces of light cream daily. He rcmamcc 

Tiin jovRXAi. or no.vn a.vo joi.vt snnonnv 




.MULTIPLE -MYELOM.V .\N'D P.VGEt’s DISE.\SE 


645 


on tlii.« diet for six and one-half ivcek.s, throughout the period of .=tilbamidine therapy. A total dosage of 2.85 
grams of stilhamidine w.a.s administered intravenously in twenty injections, usually on alternating daj-s. 
Some of the undesirahlc .side effects encountered early in the treatment tvill be discussed, as well as the man- 
ner in which they can be obviated in other case?. After the fifth injection (a total of 0.7 gram of stilbamidine), 
the patient volunteen'd that he no longer e.xpcrienced any back or chest pain. A sternal puncture soon after 
this, on .lanuarj- 3, 1917 (after 1.4 grams of .stilbamidine), showed that the cytopla.=m of the myeloma cells 
contained aggregations of sm.all basophilic granules which had not been present prior to treatment. .A.t that time 
here was over 50 per cent, return of mobility of the thoracolumbar spine; and, at the conclusion of therapy, 
:pine motion wtis almost completely normal. After the completion of therapy, on Januatv- 23, 1947, a sternal 
luncturc revealed large numbers of the Ixasophilic granules in the cjToplasm of the myeloma cells, but no 
Jther changes in the numlrer or morpholog}- of these cells. The other cells of the marrow contained none of the 
rranules, and were unaltered in appearance or distribution. There were no significant alterations in differen- 
ial marrow counts in the three sternal-marrow .specimens. Since discharge from the Hospital, on .Januarj- 26, 
1947, the patient has remained free from pain and has led a relatively active life. 


Drscc.ssio.v 

The significance of this report lies chieflj' in the coexistence of, multiple myeloma and 
Paget’s disease of bone; but, in addition, some of the e.xperiences tvith stilbamidine will be 
presented. 

Favorable influence on the symptoms of multiple myeloma by the diamidine com- 
pounds, stilbamidine and pentamidine, has been set forth in several recent articles bx' 
Snapper; and it was decided to try stilbamidine in this case, in xdew of the generally poor 
results from other forms of therapy. The patient was relieved of all pain after the fifth 
injection (0.7 gram of stilbamidine), and soon after regained painless motion of the spine. 
This clinical benefit (which has continued to date) coincided with the appearance of 
basophilic granules in the cytoplasm of the mj-eloma cells (Fig. 3), which were not present 
in the specimen examined before treatment. The authors believe that the improvement is 
to be attributed to the drug and not to any natural remission of the disease, as described 
by Geschickter and Copeland, or to any non-specific therapeutic effect. For four years 
there had been no remission of pain and no relief from a variety of non-specific therapeutic 
measures. 

As a result of experience nith this case, we wish to emphasize that stilbamidine can 
produce distressing side effects, which can easily be obviated bj' certain simple precautions. 
The powder should be dissolved in a sterile fashion in about ten cubic centimeters of 
sterile distilled water and administered verj- slowh' intravenously, preferabh' with a 
small-gauge needle. The patient should be supine during and for a short while after the 
injection, for the drug has a powerful vasodilator action, producing a fall in blood pres- 
sure; with the patient in the upright position, this may cause sxmeope and collapse. Within 
less than a minute after the beginning of an injection, the patient noted the rapid spread of 
a sensation of heat in the face, scalp, perineum, and. at times, in the extremities, accom- 
panied bj’ the appearance of flushing and sweating. .After rising to a peak a few minutes 
after the injection was completed, the blushing, sweating, and sensation of warmth waned 
rapidly. This patient experienced no dizzines.«. nausea, or formication, as mentioned by 
Snapper but when, earh' in the course of treatment, an injection was given when he was 
in the sitting position, sxmeope ensued within a few minutes with transient clonic move- 
ments of the extremities, a feeble pulse, and involuntan' urination. The patient recovered 
immediateh' after being placed in bed in the Trendelenburg position. The inadvertent 
extravenous injection of a small quantity of the solution, on another occasion, was fol- 
lowed by localized pain and swelling which persisted for several days. Xo adverse effects of 
treatment were observed on renal function, hemoglobin, red or white blood cell count, or 
the state of general health. Xo change in the number or morphology- of the abnormal cell-, 
other than the appearance of the granules, has been seen by the authors. Likewise, there 
have been no alterations in the morphology or numbers of the other cellular element.-: of 
the bone marrow, or in those of the peripheral blood. Roentgenographic examination of the 
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skeleton, following treatment, disclosed no appreciable change in the lesions previously 
noted. 

The basophilic granules which appeared in the cytoplasm of the myeloma cells have 
been described by Snapper, and have been shown to consist of stilbamidine ribonucleate ^ l 
These granules were present in the sternal-marrow specimen taken after the tenth injection 
(a total of 1.4 grams of drug), but were seen in greater abundance after the conclusion of 
therapy. 

No curative value has been claimed for stilbamidine, but it has proved to be an 
effective means of relieving the pain of many patients suffering from multiple myeloma. 
Its side effects can be avoided if certain simple precautions are observed. 

CONCEU.SIONS 

Although present evidence does not indicate any relationship between multiple 
myeloma and Paget’s disease of bone, the authors feel that multiple myeloma should be 
ruled out, by marrow, aspiration or biopsy, in those cases of Paget’s disease with well- 
defined areas of decalcification and no adjacent sclerosis. 

In the case presented, treatment with stilbamidine (a total of 2.85 grams) caused 
early disappearance of all pain and increased spinal mobi]it 5 ^ Basophilic granules, which 
had not been present prior to therapy, appeared in the cj'^toplasm of the m 3 ’-eloraa cells. 
The patient experienced no serious or permanent ill effects attributable to therapy. The 
transitory ill effects accompanjdng the administration of stilbamidine can be avoided by 
certain simple precautions. 

Note: The authors are indebted (o Dr. Hcnty H. Jordan for permiiting these studies to be made on his 
patient; to Dr. D. F. Robertson and Dr. I. Snapper for the .supplj’ of stilbamidine; and to Dr. Snapper for 
valuable advice. 
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-V prcliminarv’ survey ’ of the results of cup arthroplastj' of the hip was Diade in Xo- 
vember 1944, in cases in which operation had been performed at the Mayo Clinic from 
June 1939 through December 1942. .\lthough the results in all cases were not all that 
;ould be desired, they were sufficiently encouraging to justify continued use of this op- 
jrative procedure. .-Vt that time 111 operations, performed on ninetv'-one patients, were 
:;onsidered. From 1943 through 1945. cup arthroplastj' was performed 163 times on 142 
patients; this makes a total of 274 hips and 233 patients treated in this waj- from 1939 
to 1945. inclusive. complete follow-up of the entire group now has been made. Xo cases 
are included in this report in which operation was not done at least one j'ear prior to the 
date of evaluation. .Ml patients have been heard from or e.xamined within the past j'ear. 

pathological coxditioxs 

.Mthough in manj' instances the cause of a distorted hip can be determined from the 
historj- and from the clinical and roentgenographic findings, this is not alwaj'S possible. 
Degenerative disease of the hip, commonlj- known as malum co.xae senilis, embraces varied 
pathological conditions, the onset of which maj' not be remembered or the sjmptoms from 
which maj' have been subclinical. Mild slipping of the femoral epiphj-sis, or Legg-Perthes 
disease, congenitallj* shallow acetabula. and other conditions would fall into this group. 
Post-traumatic hj-pertrophic changes are difficult to distinguish from the changes due to 
“osteo-arthritis of the hip”. 

The various conditions for which cup arthroplasties have been performed are sum- 
marized in Tables I and II. 

SELECTIOX OF CV.SES 

With few exceptions, patients who were advised to have cup arthroplasties at the 
Clinic were having sufficient pain so that thej- demanded operative interference for its 



Fic. 1 

Old healed pyogenie infection of the hip with abduction flexion deformity and fibrou= ankylo-d.-. 
Six years and seven months after operation, the result was good, a. Before operation; b, four months 
after Vitallium-cup artliroplasty, showing short neck and portion of head left in acetabulum, c, ven- 
teen months after operation, motion and function were good. Old head had been incorporated into 
acetabulum. 

* Received for publication in .August 1947. 
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table t 

Results of UNii.ATEnAL Cup ABTtinoPLASTV for Various Conditions 
IN 1!)2 Cases (193!) to 1945, Inclusive) * 


Pathological Lesion 

Patients ; 
Traced j 

1 

1 

Results 

Very Good 
''Per rent.) 

Good 
(Per cent.) 

Fair 

(Per cent.) 

Poor 
(Per cent. 

Osteo-arthritis 

74 

15 

36 

19 

30 

Post-traumatic arthritis 

35 

2!) 

40 

14 

17 

Aseptic necrosis 23 


22 

39 

22 

17 

Hypertrophic arthritis 12 


42 

42 


16 

Old healed pyogenic infection of hij) 

21 

33 

33 

5 

29 

Old slipped epiphysis 

17 

12 

29 

35 

24 

Congenital dislocation 

10 

20 

60 

20 


Rheumatoid spondylitis 

8 

12 


38 

50 

Rheumatoid arthritis 

G 

50 


33 

17 

Otto pelvis 

3 


67 

33 


Legg-Perthes disease 

2 : 

50 



50 

Osteochondritis dissecans 

2 


100 



Postgonococcal arthritis 

1 





Total and averages 

179 

21 

35 

19 

25 


* Follow-up data to February 1947. 
t Thirteen patients were not traced. 


relief. In some cases the fixed deformity alone was sufficient to require correction (Fig. 1) 
In cases in which both hips (Figs. 2 and 3) were affected, the surgeon had no choice excepi 
to perform cup arthroplasty in an attempt to obtain at least one movable hip. 

Many patients who felt that they were having sufficient distress to warrant an opera- 
tion were advised to pursue a course of conservative treatment. This consisted in limited 
activity, reduction of weight, use of a cane or crutch, physical therapy, and the taking of as- 
pirin. Aged patients and those whose distress the examining phj^sician considered not toe 
severe were included in this group. Some additional patients were advised to continue 



Fig. 2 

Biktcral rheumatoid arthritis of hip with pain and fibrous ankylosis. Five years and six montli'- 
after operation, the result was still poor, a. Before operation; b, eight months after bilateral cup opcia- 
tion, the result was poor. 
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Fic .3 

Otto pelvis, four jcars after operation, the result was good, a. Before operation, b, eleven 
months after operation E\ten«ive acetabuIopIa«ty had been done; motion tvas good. 



Fig. 4 

j Old slipped epiphysis ndth veiy shallow acetabulum and gro'S deformity of the head of the 

femur; good result four years and seven months after operation, a, Before operation: b, seventeen 
months after operation, shomng shallow but adequate acetabulum. 

conservative treatment, because medical examinations indicated that the risk of this 
operative procedure was great for them. 

Patients who had unilateral disease of the hip and nhose occupations required heavj- 
manual labor were advised to have arthrodesis of the hip rather than cup arthroplast\-. 
A few patients absolutely refused to permit arthrodesis of the hip. The possibiIit3' of a 
failure after cup arthroplast}' was discussed with these patients, and thc3' were told that 
arthrodesis could be carried out if cup arthroplasty failed. 
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TABLE II 

Rbsults or Bilateral Cur ARTiiRoruASTY roR Various Conditions 
IN Forty-one Cases (1939 to 1945, Inclusive)* 


Pathological Lesion 

Patients 
Tiaeed f 

Results 

Very Good Good Fair 

{Per cent.) {Per rent.) {Per cent.) 

Poor 

{Per eenl.) 

Osteo-arthritis 

9 

11 

33 

45 

11 

Old healed pyogenic infection of hip . . 

2 


50 


50 

Old slipped epiphysis . . . 

1 


100 



Congenital dislocation . . 

2 


50 

50 


Rheumatoid spondylitis 

12 


33 

17 

50 

Rheumatoid arthritis . . 

9 

11 

33 

33 

22 

Otto pelvis 

1 

1 


100 


Legg-Perthes disease . 

2 

50 

1 



50 

Total and averages 

38 

1 

1 s 

1 

34 

29 

29 


* Follow-up data to February 1947. 
t Three patients were not traced. 


Aged persons who were not in good condition were excluded from the group operated 
upon. The physiological age appeared to be less than the chronological age for most of 
the patients who were in the age group from sixty to sixty-nine years. Included 
also were a few adolescent patients, Avho presented such severe conditions that operative 
treatment was necessary. Full growth should be obtained, if possible, before cup arthro- 
plasty is undertaken. One of the patients in this series, who was only twelve years of age, 
presented a difficult problem because of aplastic congenitally dislocated hips. Arthro- 
plasty, for which a Incite cup was employed, Avas performed; and the result, four j’-ears 
after operation, was good. 

SURGICAL TREATMENT 

No special immediate preoperative preparation is necessaiy in these cases. Patients 
who are greatly overweight are forced to reduce before cup arthroplasty is undertaken. 


TABLE III 

Results of Unilateral Cup Arthroplasty According to Age Groups 
in 192 Cases (1939 to 1945, Inclusiwc) 


Ago 

(Yeais) 


Patients 
Traeed * 


Less than 30 . . 
30 to 39. . . 

40 to 49. . . 

50 to 59 . . . 

GO to 69 

70 and over . . . 


Total and averages 


Results 

Veiy Good Good Fair Poor 
{Per cent.) {Per cent.) {Per cent.) {Pa rent.) 



' Thirteen patients were not traced. 
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Xo detailed description of tlic operative technique is indicated, for, in the main, that 
advocated by Smitli-Pctcrsen was employed. \'arious modifications were made, as dic- 
tated liy the individual case and the desires of the surgeon. 

When the acetabulum was too shallow for the cup, it was either reamed out to allow 
room for a freely movable cup (Fig. 4) or supplemented by a shelf to make it sufiicient. 
In cases in which ankylosis was nearh- complete and a deep acetabulum was present, a 
portion of the head of the femur was left in the acetabulum to make it more shallow (Fig. 
1). Radical acetabuloplasty was done in some instances, so that the cup did not sink 
within the rim of the acetabulum. This procedure was emplo\'ed most frequently in cases 
of arthrokatadysis (Fig. 3). The head of the femur was always trimmed sufficiently to 
allow the cup to move freely on it (Fig. 5). 

From the roentgenograms, it was obvious that in some cases the hips were unsuited 
mechanically for a routine cup arthroplasty. The head of the femur was small and the 
neck short, or there was a severe distortion of the neck. Earh- in the series some attempts 
were made to perform cup arthroplasty on such hips, with poor results (Fig. 6). Although 
only two cases of bilateral Legg-Perthes disease and two of unilateral Legg-Perthes dis- 
ease arc included in this report, cup arthroplasty has been performed in se%'eral more 



Fig, o 


Extensive osteo-arthritis of hip s\-ith lipping, sclerosis, and cystic changes; the result, si.x ywrs after 
operation, n'a.c very good, a, Before operation, b, one month after operation, there nas extensive trim- 
ming down of head and neck; c, seventeen months after operation, shoning absorption of neck beneath 
the cup and a low riding cup. 



Fig. 6 


Bilateral coxa vara and questionable IiCgg-Perthes disease, a. Before operation: 6, fourteen montlis 
after operation. Poor position of cup was attendant on unsuitable angle of neck for retention: the 
result was poor. 
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table IV 

Results of Bilateral Cup Arthroplasty AccordIiVo to Age Groups 
IN Forty-one Cases (1939 to 1945, Inclusive) 


Age 

{Years) 

Rat lent. s 
Traced * 

Results 

Veiy Good 
{Per rent.) 

Good 
{Per cent.) 

Fair 

{Per ecu'.] 

Poor 

) {Per cent.) 

Less than 30 

12 


33 

33 

34 

30 to 39 

14 

14 

28 

21 

37 

40 to 49 

3 


67 


33 

50 to 59. .' 

7 


43 

43 

14 

60 to 69 

2 

50 


50 


Total and aA^erages 

. 38 

8 

34 

29 

29 


* Three patients were not traced. 


cases since data for this report were collected. Deformity due to Legg-Perthes disease is 
a most difficult type of deformity to deal with. The distorted neck and head of the femur 
frequently are in severe varus position and the acetabulum is shallow and slanting. 
The results, as indicated in Tables I and were not dependablj'’ good. Now a more 
extensh'’e reconstruction is done, such as a Whitman operation or a Colonna operation, 
supplemented by a cup. 

After operation a Hodgen splint was applied, with moleskin traction on the extremity 
to hold it in internal rotation and abduction until the wound was healed. This usually 
took from twelve to fourteen days. An arthroplastj'^ splint was then applied. The patient 
usually indicated Avhen he felt able to be about on crutches. Most frequently he Avas able 
to do this in a little less than three Aveeks after operation. Some, but not all, of the pa- 
tients AA'^ere given physical therapy. In four to six Aveeks the patients Avere usually alloAved 
to go home. 

The time at Avhich Aveight-bearing Avas permitted depended someAAdiat upon hoAV 
extensiAmly the head of the femur had been remodeled. If considerable cortical bone Avas 


table V 

Results of Unilateral Cup ARTHRoruASTY According to Sex and Type of Cup 
IN 192 Cases (1939 to 1945, Inclusive) 



Patients 
Traced * 

Results 

Very Good Good Fair 

{Per cent.) {Per cent.) {Per cent.) 

Poor 

{Per cent.) 

Males 


23 

32 

17 

28 

Females 

74 

18 

38 

22 

22 

Total and averages 

179 

21 

35 

19 

25 

Aqtallium 

143 

21 

40 

17 

22 

Lucitc 

36 

W 

10 

25 

37 

Total and averages 

179 

21 

35 

19 

25 


‘Thirteen patients were not traced. 
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Fic. 7 

Po'tpneumonic infection of hip of one year’s duration; the result, seven years after operation, was 
very good. a. Before operation :b,U\o weeks after cup arthroplasty; e, seventeen months after operation. 
Early weight-bearing 0103- have caused absorption of neck of femur. 



Fig, 8 


Old traumatic dislocation of right hip with resultant aseptic necrosis and traumatic arthrith;. Five 
3-ears after operation, the result was good, a, Before operation; 6, immediateh- after lucite-cup arthro- 
plast3-: c, two 3-ears after operation, shoii-ing marked degenerative changes with poor result. There 
was a question as to whether or not the cup had been fractured. 


left, full weight-bearing was allowed earh-. When it was necessarj- to trim the head down 
to cancellous bone, more time was allowed for healing and reorganization of this surface 
before full weight-bearing was permitted (Fig. 7). Usualh' a period of four to six months 
was recommended. 

FOSTOPEB.LTIVE COMPLIC.LTIOXS 

Infections in the tvound occurred in ten cases. Three of these infections were inconse- 
quential and superficial. The end results were good in two of these three cases and poor 
in one case. In two instances the infections were deep, but the wounds subsequentlv 
healed uith the cups in place; the end results in these two cases were poor. In five ca.=cs. 
drainage continued until the cups had been removed; the end results were poor in four 
cases and fair in one case. In one of this last group, the infection was felt to be blood borne, 
since drainage did not appear until five months after operation. Drainage was still occur- 
ring four j-ears after operation. Thrombophlebitis developed in one case after operation. 

In three patients, dislocation of the cups occurred. One was replaced surgically two 
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TABLE VI 

Results of Bilateral Cup Arthroplasty According to Sex 
IN Forty-one Cases (15)3!) to 15)45, Inclusive) 


1 

Se.x 

Patients 
Traced * 

i 

Very Good 
(Per cent.) 

Results 

Good Fair 

(Per cent.) (Per cent.) 

Poor 

(Per cent.) 

Males 

27 

12 

33 

22 

33 

Females 

11 


36 

46 

18 

Total and averages 

38 

8 

34 

29 

29 


* Three patients were not traced. 


TABLE VII 
Trend of Results 


1 

Operations 

Patients 

Traced 

Results 

Very Good Good Fair Poor 

(Per cent.) (Per eent.) (Per cent.) (Per cent.) 

1939 to 1942 

88 

217 

17 24 28 31 

18 35 21 26 

1939 to 1945 



weeks after operation and a very good result was obtained. One was replaced by manipu- 
lation under anaesthesia, but the final result was poor enough so that arthrodesis was 
done later. In the third case, further operation was performed elsewhere because of the 
poor result. In several cases the position of the cup was poor and manipulations were 
carried out postoperatively, ufith successful repositioning. 

Excessive proliferation of bone about the cup and the hip occurred in two cases in 
which the disease was unilateral, and ankylosis recurred in both hips in a case of rheuma- 
toid arthritis. It is felt that, if late postoperative roentgenograms could be obtained in 
all cases, bony proliferation about the cup might be disclosed, Avhich would account for 
some of the poor results that have not been explained. 

A rather unique and unclassifiable group of cases were those in which Vitallium-cup 
arthroplasty was employed without success, and the cup then was removed and not 
I’eplaced. In one case of unilateral disease in which this occurred, a good result was ob- 
tained. In turn cases in u4iich bilateral operation had been performed, the cups ivere 
removed, and a Colonna type of pseudarthrosis was established. In both of these cases, the 
hips had been ank 3 dosed at 90 degrees of flexion. Even though the patients walked ivith 
canes, the end result u'as considered good, because the severe preoperative disability had 
been lessened and the patients seemed well satisfied with the results. One patient, wlio 
had undergone a bilateral operation in which Vitallium cups were inserted, liad one cup 
removed without any replacement. The result continued to be poor. A second arthro- 
plast}^ in which a Vitallium cup was used, was done in two cases after the head of the 
femur had been remodeled. Good results Avere obtained. 

In five cases of unilateral disease, fractured Incite cups Avere remoA^ed at operation 
(Fig. S). In cases of bilateral disease, six fractured Incite cups Avere remoA^ed. Secondary 
procedures carried out on these patients AA'ere simple removal, replacement Avith Vitallium 
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cup?, and arthrodesis. The end results varied. In four additional cases in which lucite- 
cup arthroplasty was employed, the cups probably have been fractured, but e.xploratorj- 
operation has not been carried out. 

In one case, the femur was fractured during the attempt to dislocate the hip at 
operation. Union was obtained, and later Vitallium-ciip arthroplasty was done with a 
fair result. 


RESULT.? 

The result was considered to be very good when the patient had no pain, could walk 
up and down stairs, tic his shoes, and walk without assistance and ^^dthout a noticeable 
limp. A good result was considered to have been obtained when the patient had little or no 
pain, could walk up and down stairs, and could walk without assistance or u-ith the help 
of a cane. 

Patients were considered to have a/afr result when they were satisfied that improve- 
ment had been obtained. Pain sometimes persisted, but it was less severe than before 
operation and was bearable. ^Motion ma\- or may not have been improved. Man}- patients 
still used a cane or a cnitch. Frequenth' deformitj' and grossly abnormal gaits were 
improved, but some disability persi.sted. 

The poor results were those in which the condition was not improved by the pro- 
cedure and the patient was not satisfied. Only a few patients felt that they were made 
worse by the operation. 

A detailed statistical anah-sis has not been included in this paper, but the more im- 
portant results have been summarized in Tables I to VI. The results in cases in which 
unilateral operations were performed have been summarized separately from those in 
which bilateral operations were carried out. The breakdown was considered necessarj*. 
because the patient’s condition must be analyzed as a unit, when his abilitj* to move 
about is considered. As stated prenously, all patients have been followed ^\Tthin the past 
year and all operations have been performed at least one year before the follow-up. Some 
patients were operated upon more than .seven j'ears before this study. 

The greatest percentage of good and verj- good results were obtained among patients 
of middle age, with a tapering off in the 3 -ounger and older ages (Tables III and IV;. Ap- 
parenth' there is little sex preference (Tables V and VI); if anj-thing, the females did 
slight!}' better than the males. This may perhaps be explained by the fact that males use 
their hips for hea'cier work than do females. 

COJtMEXT 

Detailed analysis of these cases revealed that patients should be selected carefully 
for cup arthroplasty on the basis of (1) physiological age, (2) temperament and ability to 
cooperate, (.3) reconstructive possibilities of the hip, as analyzed from roentgenograms. 
(4) muscle power, and (5) occupation. 

All patients should be acquainted with the possibilities of failure and success, and 
the alternate operations should be discussed with them. In case of disease of both hips, 
or in cases in which degeneration of the opposite hip is expected, there is no alternative. 
Drilling operations, cheilotomy, fascial arthroplasty, and other methods have not stood 
the test of time. Osteotomy to change the weight-bearing surfaces of an already incon- 
gruous and worn-out joint does not seem reasonable. Xeurectomy of the obturator nerve 
may help. It has not proved of great help in relieving persistent pain following cup arthro- 
plasty; in our hands, however, the number of cases in which it has been done is not great. 

Prostigmine has been used after operation in some cases to relieve muscle spasm and 
pain. The results were not ven' encouraging, although several patients felt that it helped 
considerably. Curare has been used in conjunction with physical therapy in a few cases 
to obtain muscle relaxation, with equivocal results thus far. 
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Some of the best results obtained have been in cases in which the degenerative process 
or mechanical irregularity of the head of the femur was in the formative stage and the 
acetabulum was involved only mildly. It is difficult to advise early operation for a patient 
who has distortion of the hip joint without much pain, although one knows that ultimately 
the hip will break down. Perhaps in these cases, cup arthroplasties should be done before 
secondaiy osteo-arthritis develops (Fig. 8). 

Comparison of the results recorded in the eightj-’-eight cases in which cup arthroplasty 
Avas carried out at the Clinic prior to January 1943, Avith the results recorded in these 
same cases in this report, reA'-eals a slight trend toAvard improvement. In nineteen cases 
in AAffiich unilateral cup arthroplasty had been performed prior to 1943, improvement had 
occurred in the past three years as folloAA's: In six cases results Avhich AA’ere poor at the time 
of the first studj^ had become fair; in six cases fair results had changed to good; and in 
one case fair results had become excellent. In six cases results AA’hich AA’ere good earlier had 
become Amry good. In ten cases the results had become AA’orse; in five of these cases Incite 
cups had been used. The Incite cups in three of these cases are knoAA’n to haAm fractured; 
one patient had a late abscess. No reason could be found for the doAA’nhill course of the 
remaining six patients. Results in four cases AA'ent from fair to poor; in three from good to 
poor (Incite cups) ; in tAA-’o from good to fair; and in one from A*eiy good to good. 

It is our impression that, as the patients gain confidence and muscle strength, the 
motion in their hips generally becomes better and the pain becomes less. Table VII illus- 
trates the OAmr-all trend in all cases in AAffiich folloAA’’-up information AA'as available. 

Those opposed to cup arthroplasty aauII focus their attention on the percentage of 
poor results. It must be remembered, hoAA'eA^er, that the patients Avere seA’^erely disabled 
before operation, and that the percentage of sahmged indmduals far outAA’eighs the per- 
centage of those AAffio have been made no better. 

From this study it seems safe to conclude that Vitallium-cup arthroplasty of the hip 
is a procedure A\ffiich offers relief from pain, increased motion, and correction of deformity 
to a great number of patients. The results cannot be positivety predicted, but better selec- 
tion of patients and improvement in surgical technique should increase the percentage of 
good results from this surgical procedure. 

REFERENCES 

1. Bickbl, W. H.; Ghormley, R. K.; Coventry, M. B.; and Mussey, R. D., Jr.: Cup Arthroplasty of 
Hip. Proc. Staff Meet., Mayo Clin., 19: 561-568, 1944. 

2. Smith-Pbtersen, M. N. : Arthroplasty of the Hip. A New Metliod. J. Bone and Joint Surg., 21: 269-288, 
Apr. 1939. 


THE JOURNAL OP' BONE AND JOI.VT .SURGERY 


AX EVALUATIOX OF PEXICILLIN THERAPA' IX 
ACUTE HEMATOGEXOUS OSTEO.MA'ELITIS * 

BY \V. A. ALTEMEIEK, M.D., VXD C. L \V\DSWORTH. M.D., CIXCIXXATI, OHIO 

From the DipnrtmctU of Surgery of the I'nner^Uy of Cincinnati 
College of Mrdicinr ami the C incinnati Genera! Ho^^pilal 

The remarkable effectiveness of penicillin in the management of acute hematogenous 
osteomyelitis has been proved by clinical experience during the past four years. Florey’s 
prophesy in 19-13 has been fulfilled in the studies of Altemeier and his associates, AIcAdam. 
Aird, Higley and Rude, Hamilton and Boyd, .\gerholm and Trueta; Hudson, Butler. 
Bodian. and others and Compere. Schnute. and Cattell. The spectacular control of the 
bacteriacmia, local infection, and metastatic complications by penicillin has produced 
profound changes in the course of this disease and a radical reduction in morbidity and 
mortality. 

During the past four years, the authors have studied seventy-one cases of acute 
hematogenou*^ osteomj'ciitis treated unth penicillin, including sixty-seven cases invoh-ing 
one or more of the major long bones and four invohdng the flat bones of the pehns (Table 
I). There vas septic involvement of the adjacent joints in thirteen instances, the knee 
joint being involved in six, the hip joint in six, and the ankle in one. Alore than one bone 
was infected in thirteen of the seventy-one cases. 


T.4BLE I 

IvCrOESCE or .AcCTE HeU^TOGENOOS OaTEOUTELmS 
p. THE VARIOUS Bones * 


Bone Involved 

X umber of Cases 

Femur 

29 

Tibia 

26 

Humeni.= 

13 

Fibula 

3 

Ulna 

2 

Radiu= 

1 

Ilium 

3 

Ischium 

1 


* Only the major bones involved are listed here minor bones, such as nbs and carpal bone-, are not 
tabulated. 


Fifty-six of these patients were treated in the Cincinnati General Hospital and the 
Children’s Hospital, and the remainder were treated at the Christ Hospital, Good Samari- 
tan Hospital, and Bethesda Hospital, located in or near Cincinnati. Included by permi.s.don 
are nine cases of other Cincinnati surgeons. In fortj'-seven cases, or 66 per cent., the indi- 
viduals were ten years of age or yoimger; and in sixtj'-three cases, or approximately 90 per 
cent., the individuals were twenty years of age or less. Fifty-five (77 per cent.) of the 
patients were males and sixteen were females. The portals of entrv' of the hematogenou- 
infection were furuncles in fourteen cases, infected abrasions of the .<kin in ten. fnfection- 
of the upper-respiratorj- tract in ten, suppurative otitis media in three, infected teeth in 
two, and gingivitis, prostatitis, chicken pox. and scarlet fever each in one ca^e. The 
distributing focus was unknown in 28 or 40 per cent, of the cases. 

* Bead at the .Annual Meeting of The .Amcncan Orthopaedic .A^^^ciation, Hot Spnnir-, Virginia, June 
2S, 1947. 
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TABLE II 

Incidence of Various Etiological Agents 
IN Seventy-one Cases of Acute Hematogenous Osteomyelitis 


T 3 'po of Bacteria 

{No.) 

Cases 

{Per ceril.*) 

Slaphylococcus aureus 

42 

82.3 

Non-hcmol 3 ’’tic streptococcus 

4 

7.8 

Hemob’^tic streptococcus 

2 

3.9 

Pneumococcus, Type III 

1 

1.9 

Green streptococcus 

1 

1.9 

Gram-positive cocci 

1 

1 9 

Undetermined 

20 



* Based on fiftj^-ono cases in udiicli tJie infecting bacteria was determined. 

Septicaemia Avas demonstrated in tAA^enty-five or 35 per cent, of the patients by blooci 
culture ; the hemoljdic StaphylococcAis aureus aa’Rs the infecting agent in tAA'ent 3 ^-one cases, 
the non-hemolytic Staphylococcus aureus in tAvo, a green streptococcus in one, and a Type 
III pneumococcus in one. The responsible etiological agent Avas determined in 70 percent, 
of the patients by culture, either of the blood or of material from the local infection. In the 
great majority of instances, the hemol 3 dic Staphylococcus aureus (Table II) AA^as responsible. 

The administration of penicillin A\'as regarded as the primary treatment in each case, 
and every effort AA^as made to observe its full effect before an3'- change AA'as instituted in the 
therapeutic regime, although it Avas not alAA'a 3 '-s possible to do this. Sodium penicillin in 
aqueous solution Avas used in all but three cases; calcium penicillin Avas used in one; and 
penicillin in beesAvax and oil was given in the remaining tAvo. The highest single dose of 
sodium penicillin used AA’^as 50,000 units, and the loAA^est was 5,000 units. The doses most 
frequently given Avere 15,000 or 25,000 units. The intervals betAA^een injections AA'ere usually 
tAVo or three hours, and the average duration of treatment Avas slightl3’' more than nineteen 
days, the longest period of treatment being ninety-six da 3 's and the shortest seventeen 
hours in the patient AA^ho died seA'^enteen and one-half hours after admission. In the early 
part of the study, the intraA’^enous route AA'as used most frequently; in the latter part, 
the intramuscular route. In seven instances the penicillin AA'as giA’^en intravenous^'’ b 3 '’ 
continuous drip. 

No significant A'-ariation in the seasonal incidence of acute hematogenous osteom 3 'elitis 
Avas observed in this series (Table III). 

The total amount of penicillin administered in each case is shoAvn in Table IV. As the 
authors’ experience increased, the dosage was also increased. 

In fiA^e cases, A'-eiy small soft-tissue abscesses Avere aspirated every tAvo or more da3'S 


TABLE HI 

Season.vl Incidence of Acute Hematogenous Osteoma'elitis 


Months 

{No.) 

Cases 

{Per cent.) 

December, Januaiy, and PebruarA' 

19 

26.8 

March, April, and Maj' 

12 

16.9 

June, Jul\', and August 

19 

26.8 

September, October, and November 

21 

29.5 

Totals 

71 

100.0 
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TABLE IV 

Tot\l Do'-aoe-- of Penicillin Used 


no-apc" of Ponicillin 
ff ’mV^) 


Xumber of Cases 


Los than 1,000,000 

1.000. 000 to l,o00,000 
1,500,000 to 2,000,000 

2.000. 000 to 3,000,000 

3.000. 000 to -4,000,000 
•1,000,000 to 5,000,000 

5.000. 000 or more 


17 

9 

10 

13 

5 

6 
8 


Total 


tvith syringe and needle; the cavity was partially refilled with a solution of penicillin con- 
taining 5,000 units per cubic centimeter, an average of 25,000 units being used each time 
after the aspiration of pus. Emergency surgical decompression of the infected area in the 
bone was not done in any instance. The presence of large or moderately large abscesses 
of the soft tissues was considered to be an indication for incision and drainage of the 
abscess, M-ithout drilling or other opening of the infected bone. This was carried out in 
nine cases before the onset of penicillin therapj', and in hfteen cases after its start. The 
affected e.xtremitj' was immobilized by plaster mold or bivalved cast in thirty-eight of the 
patients. It ivas considered most essential in those with marked bone damage or in those 
in whom extensive demineralization of the involved areas developed. 

‘ The clinical response was noted with respect to the severity of the disease, the dui'a- 
tion of the infection before the onset of penicillin treatment, the tj'pe and progression of 
changes occurring in the bone, the morbidity, and the mortality. An intensive foUoiv-up 
has also been made in an effort to learn n-hether or not the beneficial effects of penicillin 
M'ere lasting. 


RESULTS 

The immediate results of penicillin therapy in this series of cases were striking. .All 
but one of the seventj'-one patients recovered; in the one exception, a severe and neglected 
case of acute hematogenous osteomj'elitis of the tibia with staphylococcal septicaemia and 
pneumonia, the patient was admitted to the Hospital in a moribund condition, seventeen 
and one-half hours before death. The mortality rate was remarkabh' low, therefore, being 
onh' 1.4 per cent. The reduction in the period of morbiditj’ vas also remarkable, particu- 
larh' in those cases diagnosed earh' and treated adequately. In addition, the return to 


T-ABLE V 

Classification of Results in SEATiNTi'-nNE Cases 
OF .Acute Heaiatooenou-- OsTEOjnEtrns 


Duration of Disease 
before Penicillin Treatment 

Xo of 
Case^ 

E\ccllent 

Good 

Rcwi!t= 

Questionable 

Failure 

1 to 3 days (Group I) 

14 

S 

4 

o 

0 

4 to 6 days (Group II) . 

22 

17 

5 

0 

0 

7 to 9 days (Group III) 

15 

4 

10 

I 

0 

10 days or more (Group It ) 

20 

2 

1.5 

2 

1 
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TABLE VI 

Relative Effectiveness of the Vakious Total Dosages of Penicillin 


Cases with 


Total Dosage of Penicillin 

No. of Cases 

E.xcellent or 

Good Results 

(Units) 

Treated 

(No.) 

(Per cent.) 

Le.ss than 1,000,000 

17 

14 

82.4 

1,000,000 to 1,500,000 

9 

8 

88.8 

1,500,000 to 2,000,000 

10 

10 

100.0 „ 
92.3 '' 

2,000,000 to 3,000,000 

13 

12 

3,000,000 to 4,000,000 

8 

8 

100.0 

4,000,000 to 5,000,000 

6 

6 

100.0 

More than 5,000,000 

8 

7 

87.5 


function of the extremity was much more rapid than with previous forms of treatment, 
normal weight-bearing often being permitted within three months. 

It was difficult to assess the value of an antibiotic in a disease, such as acute hema- 
togenous osteomjmlitis, with both generalized and local manifestations of infection. In 
some instances of advanced hematogenous osteomyelitis with bacteriaemia, penicillin 
therapy made the blood stream sterile, seemed to arrest the local infection, and greatl}'^ 
decreased the period of morbidity; yet the disease had already produced extensive damage 
to the bone. 

In general, the results of penicillin therapy seemed to vary primarily with the duration 
of the disease at the time the treatment was begun, with the dosage used, and with the 
severity of the individual infection. For purposes of discussion, the cases have been divided 


Day of Illness 2 3 A S 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 26 26 27 28 29 80 31 


£u1^s£ Temp. 

140 106 

130 104 

120 103 

110 102 

100 101 

90 100 

80 99 

98,6 

98.0 

! ' ! ' A 

ii 1 ' * 1 

■ ' ' 1 

5 \/ 

' ’-r 

'i 

Uaa a 

1 \ #1 A \ » K n 

' \/\ A A A A = '■ 

VV\A/\/\v\ AZ 


Blood Culture 

. y j 

\ 

PenicllliTi 

Units 

15.000 

120,000 

120,000 

120,000 

120,000 

120,000 

120,000 

120,000 

120,000 

120,000 

110,000 

80.000 

80,000 

80,000 

80,000 

80,000 

80,000 

80,000 

80,000 

60,000 

W. B. C. 

X 1000 

9.6 

12.3 

13.9 

8.7 

Other 

Treatment 

f— * Sulfadiazine • 




I 

\ 


Fig. 1-A 

Ca.^^e 34. Showing the e.xcellent results obtained with penicillin and conservative management in 
a ca.se of acute liematogcnous osteomyelitis of the right tibia with hemolytic Staphylococcus aureus 
septicaemia in a boy, aged eleven j-ears. Rapid control of infection is manifested iw sterilization of 
tile blood stream, rapid fall of the temperature by lysis within ten or eleven days, absence of meta- 
static complications, return of the white blood count to a normal level, and disappearance of local 
signs. Thi.s was a Group II case. 
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Fro. l-R Fig. 1-C Fig. I-D 



Fig. 1-E Fig. I-F Fig. 1-G 


Illustrating the .spontaneous resolution of the area of osteomye- 
litis, resulting in complete healing with minimal re-sidual damage and 
tnthout sequestration, osteosclerosis, joint limitation, or abnormal- 
ity of joint groirth. 

Fig. 1-B: Xov. 13, 1944. Xo demonstrable bone involvement or 
periosteal reaction. 

Fig. 1-C: Xov. 2S, 1944. 4'era- early periosteal reaction on medial 
aspect of lower portion of tibia, and bone rarefaction in lower end 
of tibia. 

Fig. 1-D; Dec. 16, 1944. Layering of the periosteum on medial 
aspect of tibia and extremely early reaction of periosteum on lateral 
aspect. Rarefaction in shaft of tibia is localized at a point about five 
centimeters above the epiphysis. 

Fig. 1-E: Jan. 13, 1945. Area of rarefaction more pronounced. The 
periosteal reaction is much the same. 

Fig. 1-F: Fob. 23, 1945. Periosteal reaction is slightly more pro- 
nounced, particularly on the medial aspect. Rccalcification of the 
prexdously described area of demineralization is occurring. 

Fig. 1-G: July 16, 1945. Recalcification and reconstitution of the 
involved area is complete. Xo eridence of active infection; minima! 
sclerosis of bone is seen. 

Fig. 1-H: May 16, 1947. The normal architecture of the bone ha= 
evidence of active infection, sequestration, or sclcroris. 
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Fig. 2-A Fig. 2-B Fig. 2-C Pig. 2-D Fig. 2-E 

Case 31. Illustrating the good lesults obtained with 
penicillin and conservative management in a Group II 
case of acute hematogenous osteomyelitis of the left 
tibia and light femur with hcmol3’’tic Staphylococcus 
aureus .septicaemia and pneumonia in a boy, aged thir- 
teen. Spontaneous resolution has occuried, but thepro- 
grc.ssion of bone changes is slower and the degree of 
demineralization is greater. Nevertheless, ultimate heal- 
ing appears to bo complete. 

Fig. 2-A: Oct. 26, 1943. Small area of rarefaction is 
shown on the latoial aspect of the tibia, just above the 
ankle, with a very thin break in the cortex. No peiios- 
teal reaction on medial aspect, in lower third. 

Fig. 2-B: Nov. 17, 1943. Shows mottling of lower 
fourth of tibia, due to irregular and patch}’- aieas of 
rarefaction. Very slight periosteal reaction on medial 
aspect, in lower third. 

Fig. 2-C: Jan. 4, 1944. The mottling has incieascd in 
lower portion of tibia, and periosteal reaction is now 
well defined. A slight periosteal reaction is also present 
on latcial aspect of fibula, in distal fourth. 

Fig. 2-D: Afar. 31, 1944. Shows more extensive hone 
larefaction and periosteal reaction than on previous 
roentgenogram. Several breaks in tibial cortex are now easily seen. 

Fig. 2-E: June 2, 1944. Less mottling is present than previously, and almost complete disappearance of 
the periosteal reaction. Recalcification is occurring. No sequestration is present. 

Fig, 2-F: Sept, 1, 1944. Furtiicr lecalcification and reconstruction of the involved bone is occurring. 
Fig. 2-G: May 2, 1947. Recalcification and reconstitution of the bone is complete, with minimal sclerosis 
of bone. No evidence of sequestration or of continuing infection is seen. All mottling has disappeaied, and 
no periosteal reaction remains. The heating of the infection appears complete. 



arbitrarily into four groups: Group I consisted of those in which treatment with penicillin 
was started within three days of the onset of the first symptoms; Group II, those in tvhich 
penicillin therapy was started within four to six da 3 '^s after onset; Group III, those in which 
treatment was instituted within seven to nine days; and Group IV, those in which the 
illness had existed for more than ten days befoi’e the start of penicillin therapy. 

An arbitrary classification of the results Avas made on the basis of essential criteria 
established for each type (Table V). An excellent result was one in Avhich eAudence of com- 
plete and rapid control of the general and local manifestations of the infection began 
Avithin seA’-entj^-tAvo hours after the institution of penicillin therapy, and Avas fairly com- 
plete AA’ithin ten da)'-s. Spontaneous resolution of the process folloAA’ed, including complete 
healing of the infected bone Avith minimum residual damage and AAothout sequestration, 
osteosclerosis, joint limitation, or residual abnormality of bone groAvth. Surgery Avas either 
unnecessary or it Avas limited to simple drainage of soft-tissue abscesses (Figs. 1-A to l-H, 
inclusiA’e). 

In a good result there Avas a more gradual control of the general and local manifesta- 
tions; this began Avithin tAvo to nine days after penicillin therap}^ AA'as started, and Avas 
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lllu'-tnitioii of a p(H)(i 
rcMilt ohtaiin'd with pon- 
irilliii and (xni'-orvativc 
inaiiaconu'iit in an ciclit- 
yi'iir-old Imiv ((!nmp I\’ 
The oxton'-ivi'm'-' 
am! inlcn-ily of tlio nx'til- 
Ki'iiopniiiliic clianpc' arc 
pn'atcr, Imt llic procc-^ of 
ticalinp ha-; Ixn'n cnin- 
plctinl with niiniinal rc'id- 
nal damapc. 

rip.:5-A:Mar.:il, 1011 
Sliows mottlinp at upper 
end of ."haft of humeni" 
and very ."lipht ix'rio'teal 
ri'action on lateral a"[X‘et 
of up[K'r fourth of ."haft 
Fip. .3-B: Apr. S, 104-1. 
Mottlinp ha." continued 
down the shaft, to junc- 
tion of upixT and middle 
thirl". Perio"teal maction 
i" present on both side- of 
sluift. 

Fip.;i-C: Apr. 12, 1044 
There ha." Ixx!!! marked 
increase in perio"teal n‘- 
action, particularly on the 
lateral a.'pcct of the "haft. 



Fir, 3-.V Fig. .3-B Fig. .3-C 



Fig. 3-d Fig. 3-E Fig. 3-F Fig 3-G 

Fig. 3-D: Apr. IS, 1944. Marked increa."e in periosteal reaction is shown. \ eiy small sequestrum 

"Tir^E: A?r°1?H944". SstS&tion and patchy demineralization have increased. There 

Fig."iFrJuneli^^S!'shoVs“m^kS‘’m‘l°c'ifira^ and moderate osteosclerosis. The seque"- 

‘X^’‘ 3 ?G'^Mav *16?T94E sLws coS^tf ^wn'^tmetion of the humerus, with only minimi 
residual tUckening of the cortex on the lateral aspect of ^e ^.a." 

dUappearwl and rluch of the normal architecture of the bone has been re-estabhshed. 


omplete tvithin three weeks. Spontaneous resolution occurred more ."lowly, and complete 
lealing of the infected area was followed by minimal or moderate residual bone damage, 
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TABLE VII 

Numbek and Type of REcuiutENT Infections 


Case 

No. 

Gioup 

No. 

Total Dosage 
of Penicillin 
{U 711 Is) 

Duration of 
Penicillin Therapy 
{Days) 

Interval between 
Penicillin Tlierap.y 
and Recurrence 

Type of 
Recurrence 

1 

I 

2,080,000 

25 

3 months 

Sequestration with ab- 
scess 

3 

I 

2,270,000 

20 

16 months 

Cellulitis 

9 

IV 

1,155,000 

26 

4 months 

Sequestration vith 
abscess 

22 

I 

885,000 

44 

39 months 

Cellulitis 

26 

I 

840,000 

7 

8 months 

Cellulitis 

30 

I 

635,000 

9 

1 month 

Relapse 

35 

IV 

525,000 

15 

12 months 

Sequestration 

Septic absorption of 
head of femur 

43 

III 

6,600,000 

12 

1 month 

Sequestration with 
abscess 

47 

III 

6.50,000 

4 

2 weeks 

Relapse 


in association with one or more of tlie following: abscess formation, sequestration, osteo- 
sclerosis, joint limitation, and abnormality of bone growth. Surgeiy was either unnecessary 
or was limited to more elective surgical procedures, such as simple drainage of soft-tissue 



/ 
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Fig. 4-A Fig. 4-B Fig. 4-C 

Demonstration of a questionable result in a Group I case of acute hematogenous osteom 3 'elitis of the 
left tibia with hemolytic Staphylococcus aureus septicaemia, in a boy of seventeen years. Although peni- 
cillin controlled the generalized and invasive qualities of the infection, sequestration occurred, and the 
local infection remained active until treated bj^ saucerization and sequestrectomJ^ 

Fig. 4-A; Aug. 3, 1944. No evidence of bone or periosteal reaction is apparent. . . , , f 
Fig. 4-B: Aug. 17, 1944. There is peiiosteal reaction about the upper third of the tibial shaft. \ eiy 
slight demineralization of the upper third of tibia is occurring. 

Fig. 4-C: Nov. 10, 1944. There is slight increase in the amount of periosteal reaction about the ^PP‘’^ 
end of the tibia and patchj' demineralization of the upper end of the shaft, with increased sclerosis of ttic 
bone. 
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nh.'Ci'ssos; rrniovjil of dofnclu’cl or. in ono instance, b;- .eaucerization of pre- 

viously necro-tai lione (I'isrs. 2-A to .3-G, inclu'ue). 

A t/iii sfioiinhlr n'suU was one in whieli there wa- indefinite endence of control of the 
general or local infection by iienicillin. i'lirpery was not obviated in thi.s group (Fis--. 
-l-A to .5-F. inchisiveh 

A poor result was charaetfU'ized by the failure of penicillin to control the infection, 
which resulted either in ch'ath or in continuation of the infectious destmetion of the bone. 

The number of excellent result.- was greatest in the first two groups, in which the 
diagnosis was made and penicillin therapy was -tarted before the disease had progressed 
more than six days. The number of excellent re.-ults decreased sharply in the third and 
fourth groui^s. in which the diagno-i- and treatment were delayed for .seven or more clays 
(Fig. 6). Xeverthele.ss. the great majority of results were good, even in Groups III and H’- 

One of the ciuestionable results in Group I occurred in a patient in whom the do.-age 
of S 10.000 units of penicillin over a seven-day period was gro.-sly inadeciuate by our present 
standards. Subsetiuent experience has indicated that 2.000,000 or .3,000.000 units, or more, 
over a period of at least twenty-one days, is a more effective dosage. The other question- 
able response in Group I occurred in a sevcnteen-year-old white male who was admitted 
to the Cincinnati General Ho-pital with acute hematogenous osteomyelitis of the left 
tibia and staphylococcal septicaemia. He was treated adequately with penicillin, and a 
long leg cast was applied. .Vfter his discharge from the Hospital, thirty-four days following 
the onset of therapy, he walked about on his cast. The cast cracked just below the knee, 
over the involved area of the tibia, and an ulceration was produced at this point. A drain- 
ing sinus developed, and the subsequent roentgenographic findings of progres.sive local 
infection are illustrated in Figures 4-A to 4-F, inclusive. E.vperience has indicated that 


r 


J 


Fig. 4-D Fig. 4-E Fig. 4-F 

Fig. 4-D : Dec. IS, 194.5. Shows definite sclerosis and tliickcning of the upper portion of the «liaft of thf 
tibia, with several large areas of decreased density in this region. .-V large sequestrum is visible near the 
lower end of the thickened portion. 

Fig. 4-E: .-Vpr, 10, 1946. The areas of sclerosis alxjut the upper end of the tibia and several brge ir- 
regular areas of decreased density piersist. A small sequestrum is seen in the dhtal portion of the in- 
volved area. . 

Fig. 4-F: Oct. 15, 1946. The three areas of decreased density persist. The di-tal area shows smo^itb 
margins; the preriously reported sequestrum has been removed. There is erddence of further progre--io.') 
of the chronic osteomyelitic process in the proximal two area', which show irregular margin' and a -c- 
questrum in the superior one. A linear area of sclcro'is i' noted, c.xtending doamward from the mid- 
posterior region of the tibial shaft. 
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ininiohilizatinn and proliilntion of active wfight-ijcaring are important. In Group III. 
the quostionaldo result obtained wa.s one in ulueh there was no consistent and continued 
attack on the infection with penicillin, although the amount of penicillin administered 
shoidd have been adecpiatc. 

Two que.'^tionable re.^idts occurred in Group I\’. In one. sequestration. pyarthro.sis. 
and dislocation of the right hip developed in a 
patient whose treatment was neglected for 
nineteen days after the onset of infection. This 
-patient was treated inadequately, with only 
52.5,000 units of irenicillin, following incision 
and drainage of a large abscess. 

One failure occurred in a severe and neg- 
lected case of acute hematogenous osteomyelitis 
of the tibia of fourteen days’ duration with 
overwhelming staphylococcal septicaemia and 
diffuse bilateral pneumonia. 

When the results were compared with the 
total dosage of penicillin administered (Table 
VI), it was noted that the number of e.xcellent 
and good results was greatest with dosages of 
more than 1,500,000 units. 

Complete follow-up information was ob- 
tained in si.xty-seven, or 94.4 per cent., of the 
cases. Nine recurrences have occurred to date 
(Table VII). This table reveals recurrences in 
ifive cases in Group I, in which the diagnosis 
was made and treatment was started within 
three days after the onset of the illness. This 
was disappointing, but is probabh’ e.xplained in 
three of the five cases by the inadequate doses 
of penicillin given over relativeh" short periods 
of time. In a fourth case, the patient walked regularh- on his cast within one month after 
the onset of his infection (Figs. 4-A to 4-r, inclusiA’e). There were no recurrences in Group 
II, where the cases were treated more energetically with penicillin, effective immobiliza- 
tion, and longer periods of non-weight-bearing. There were two recurrences in Group III. — 
Case 47, which was treated inadequately with 650,000 units, and Case 43, in which 
large doses of penicillin were given during the day for twelve days, but not at night. A 
relapse occurred within one month after cessation of therapj' in two cases, and this has 
been attributed directh' to inadequate amounts of penicillin. 

We were surprised to find only two instances of recurrence in Group 15', since the 
infection unquestionably went unchallenged long enough to produce exten-six-e damage to 
the bone and soft tissues. In Case 9, sequestration had occurred before the diagnosis was 
made; and treatment, with a total of 1,155.000 units over a period of twenty-six days, was 
started on the twent\'-third day of the disease. In Case 35, the diagnosis and treatment 
were delayed for nineteen days when extensive necrosis of the upper end of the femur and 
the femoral head became apparent. Treatment of tliis case consisted of incision and drain- 
age of an abscess and an inadequate total dosage of penicillin (525,000 units over a fifteen- 
day period). 



IZSJX)! 

— ' ■ Arttal carrs ef Sceellest 2«ralts, 

----- Prolsable carre Cerrect^d tor Aieetate 
Treatsesr. 

Fig. 6 

Shows the percentage of e.xceUent result.', 
according to the duration of the disease before 
the start of penicillin treatment. 


DI.SCUSSIOX 


Since the principal bacterial agents of acute hematogenous osteomyelitis — the hemo- 
lytic staphylococcus, hemolytic streptococcus, non-hemol.vtic streptococcus, and pneumo- 
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COCCUS — are sensitive to the action of penicillin, it is not surprising that this antibiotic has 
had such a profound effect upon the disease in its earlier stages, before extensive tlu'om- 
bosis of the nutrient vessels or sti-ipping of the periosteum has occurred. 

In the past, the mortality rate from acute hematogenous osteomyelitis was approxi- 
mately 25 per cent., being 10 to 15 per cent, in the milder cases and often 50 per cent, 
or higher in the septicaemic or pyacmic varieties . Sterilization of the blood stream 
and progressive control of the generalized infection by penicillin have reduced the mor- 
tality to 1.4 per cent, in this series. This reduction corresponds to that in other reports. 

The prevention of metastatic or secondaiy infectious complications and the arrest 
of the local infectious process in bone have resulted in a decreased morbidity. If the meta- 
static complications, such as staph3dococcal pneumonitis, pleuritis, pericarditis, or 
thrombophlebitis, already existed, penicillin was a powerful aid in their control, as an 
adjunct to surgical or conservative treatment. 1 he usual period of hospitalization in the 
majority of cases was between twenty-five and thii-ty-five da 3 ’-s. 

Since the greatest number of excellent results were obtained in those cases diagnosed 
and treated during the first six da 3 '^s of illness, the urgent responsibility of the family 
physician is readity apparent. An earty diagnosis in acute hematogenous osteom 3 mlitis 
must be made on clinical grounds alone in order that penicillin therap 3 '’ ma 3 '’ be started 
at the time when it will do the most good. The dictum ^ that no roentgenographic diagnosis 
can be made until at least the seventh to tenth da 3 '’ of the disease, and often later, cannot 
be overemphasized. After the diagnosis has been made, the patient should be moved to a 
hospital immediately for intensive penicillin therapy. If there is an 3 '- question as to the 
presence of acute osteom 3 mlitis, it is recommended that penicillin be started at once and 
continued until the diagnosis has been established. 

The evidence suggests that penicillin should be administered in adequate doses, at 
intervals of not more than three hours, for at least tAventy successive da 3 ''s, until all clinical 
signs of infection have been absent for at least seven da 3 ’-s. The dosage Avas increased as 
the authors’ experience and the suppl 3 '^ of the antibiotic agent increased. 

No obvious clinical improA'’ement ma3'- be apparent for seventy-tAA'o or more hours 
after the onset of penicillin therap3'’ in patients treated AA'ithout surgeiy. If a sharp fall in 
temperature and marked clinical improAmment do not occur AAothin this time, a careful 
search should be made for complicating or metastatic infections. The earliest clinical 
evidence of effectiA^eness AA'as often the patient’s feeling of improAmment. 

During the first four to ten or more da 3 '^s of the disease, the roentgenograms AA-ere 
of no practical value in detecting the nature of the disease process. Later, a succession of 
roentgenographic changes occurred, usuall3^ after the cessation of chemotherap3^ Peri- 
osteal reaction, patch 3 '- areas of progressixm demineralization of the inA'-oh'-ed bone, and 
breaks in the adjacent cortex AA^ere early signs AALich usualty became eAudent ten to four- 
teen or more days after the onset of the illness, and reached their maximum extent and 
degree in one to five months. As the decalcification proceeded, the trabeculae often became 
ill-defined and irregular, suggesting permanent disorganization of the bone structure. The 
absence of an associated dense inAmlucrum exaggerated the rarefaction of the shaft. 

Demineralization appears to be a necessary step in the healing process of infected 
bone, but its true nature still is conjectural. Its increase AA'ith the severity and duration 
of the infection suggested that it represents absorption of bone previous^'' necrosed b3’’ the 
infection. HnAA-eAmr, the later re-establishment of a normal or nearl3^ normal architecture 
of the bone, AA'ith complete recalcification and minimal osteosclerosis, indicated that the 
lamellae are left more or less intact. In general, the reconstitution of bone seemed to occur 
AA'ith less resultant bone sclerosis than that seen AA'ith previous forms of treatment. The 
eAudence suggests that adequate and earl 3 ^ penicillin therap 3 ’^ arrested and controlled the 
local infection to such an extent that spontaneous absorption of the necrosed bone and 
repair bA^ the process of recalcification AA'ere made possible. 
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It lias been impressive to see tiie extensi\-e degree of involvement, one to four months 
after tlie onset of treatment, and then to watch the process of spontaneous healing. MTien 
adjacent joints were involved, penicillin aided greatly in the control of the acute infection 
and decreased the degree of functional impairment. In nine instances, there was no residual 
impairment in function; while in four other cases— two of the hip. one of the ankle, and 
one of the elbow— continued impairment of joint function was noted. 

Although sequestration was relatively uncommon in the cases treated with peniciUin. 
it tended to occur late in the illness if the infection was unusually severe, if the diagnosis 
was delayed, or if treatment was late or inadequate. In this series, sequestration occurred 
in six cases. Experience thus far indicates that further conseri'ative therapy is indicated 
when sequestration develops in conjunction with penicillin therapy. 

There seems to be little doubt that early and adequate penicillin therapy made un- 
necessary the use of surgery for emergency decompression of the infected bone, in the 
great majority of instances, during the period when the patient was often desperateh' ill 
with a generalized infection. Instead, penicillin control of the infection also permitted 
correction of the altered physiolog^i' and adequate treatment of the metastatic complica- 
tions. When abscesses developed, surgical drainage was done more safely and more effec- 
tively at a time when the patient was in a better condition, under the protective screen of 
parenterally administered penicillin. In addition, the cosmetic effects in the cases treated 
with penicillin were in sharp contrast to those in cases treated by other methods. 

The long-term curative effects of penicillin in acute hematogenous osteomyelitis are 
still undetermined. However, recurrences have developed in nine instances, usually when 
treatment was late, inadecpiate, or not sustained. 

On the basis of an analysis of our e\-periences thus far, the folloning plan of manage- 
ment is recommended: 

1. Establishmct 2 t of the Diagnosis at the Earliest Possible Time: Recognition of the 
disease must be on the basis of clinical signs and sjmptoms, without help from the roentgen 
ray, at the time when penicillin therapy can be expected to give excellent results in the 
majority of instances. One must be thoroughh- familiar uith the clinical picture, therefore, 
as well as with the differential diagnosis. In case of doubt, it is recommended that adequate 
penicillin therapy be started immediately and continued until a definite diagnosis has 
been made. 

2. Early and Adequate Penicillin Therapy: As soon as the diagnosis has been made, 
a dose of at least 20,000 units of penicillin should be given intramuscularly or intrave- 
nouslv, and repeated ever>' two or three hours for at least seven daj's after the signs of 
infection are well under control. In severe infections, doses of 50,000 to 100,000 units ma\' 
be given at the same inteiA'al until a clinical response has been obtained. A total dosage 
of at least 2,000.000 or 3.000.000 units, administered over a period of three or more weeks, 
seems to be adequate in most instances, but in case of incomplete response of the infection, 
penicillin should be continued. Its dose maj' be re\'ised upward in infections produced 
bv more resistant strains of bacteria. Ob\'iously, it is not indicated in acute hematogenous 
osteomyelitis caused by gram-negative or other penicillin-resistant bacteria. 

J 3. Surgery: Emergency surgical intervention is usuallj' unnecessan,-, and conseiA-ative 
surgical procedures maj- be postponed until the infection has been controlled and the 
alterations in physiologj' have been corrected. Large soft-tissue abscesses, present at the 
start of treatment or developing during treatment, should be incised and drained early in 
order to release the necrotizing toxins, thereby lessening the toxaemia and local necrosis. 
We have not resutured these wounds either immediately or within five to seven days, as 
practised bj' the British surgeons under the protective screen of penicillin therapy, but 
have left the wounds open, being as careful as possible to protect the wound and avoid 
secondary' contamination. Ver>' small abscesses may be treated by repeated a.^piration and 
instillation of a solution of penicillin containing 5.000 units per cubic centimeter. If 
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sequestration occurs, further conservative treatment is arhosed, wliile the fate of tli 
sequestrum is followed by serial roentgenograms. In case of incomplete absorption, detacl 
ment from the adjacent bone, oi' involvement in an abscess cavity, sequestrectomj'' i 
indicated. 

4. Immohilization: During the acute phase of the infection, immobilization of tli 
involved area is recommended for at least three weeks, prefei'ably by a plaster splint o 
bivalved plaster cast, to permit frequent inspections of the involved area for progressio: 
or regression of the signs of local infection. Further immobilization is indicated in ai 
instances in which decalcification and rarefaction of the bone become considerable, sine 
failure to protect the Aveakened bone may residt in spontaneous fi-acture. 

5. Active W eighi-Bearing: Active weight-bearing should bo delayed for at least threi 
months in the cases shoAving the best response to thei’apy, and longer, as indicated, ii 
those AA'ith more extensiAm damage to bone. 

6. Adequate Supportive Therapy: Adequate suppoidive therapy with repeated smal 
blood transfusions, fluids, electrolytes, and oxj'-gen is indicated to correct the alterations 
in physiolog}'- and to overcome the effects of the infection. 

7. Continued Vigilance: Vigilance is neccssaiy to determine the progress and exteni 
of the disease, as AAmll as to detect the dcAmlopment of soft-tissue abscesses, metastatic 
visceral complications, or purulent arthritis of contiguous joints. If the infection should 
become fulminating, emergency surgical drainage must be instituted as early as possible 

8. Serial Roentgen ographic Examinations: Serial roentgenograms are recommended 
at intervals of one AA^eek during the early stages of the disease, and at intervals of one 
month during the later phases, for at least one 3 '-ear, to determine the extent of damage to 
the bone, the deAmlopment of sequestra, the involvement of adjacent joints, and the degree 
of osteosclerosis. 


SUMJfARY 

A study of seventy-one cases of acute hematogenous osteomj'-elitis, made during the 
past four years, has indicated that penicillin is a poAA^erful and cffectiAm antibiotic in this 
disease. This finding has not onl}'- radically changed our ideas concerning the most satis- 
factory methods of management, but has altered our interpretation of the significance of 
some of the roentgenographic changes occurring during the course of the disease. When 
administered earl 3 '- and adequately, penicillin reduced mortality and morbiditj'-, controlled 
the infection, minimized local destruction of the bone and resultant deformities, permitted 
spontaneous absorption of the inArnh'-ed bone, healing, and earl3’- return of normal or nearly 
normal function. FolloAV-up studies indicated that healing of the bone has been very satis- 
factory in the great majority of instances, AAoth restoration of its architecture to normal or 
near normal and AAuth considerabl3’' less osteosclerosis, sequestration, and impairment of 
function of the adjacent joints. The number of recurrences has been Ioaa’, and limited 
almost entirely to those cases in AA’hich the amount of penicillin administered AA^as too small, 
the duration of treatment too short, the intervals betAA^een injections too long, the be- 
ginning of treatment seAmn or more days after the onset of the disease, or the use of im- 
mobilization absent or inadequate. ' 
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' ACUTE HEMATOGENOUS OSTEOMYELITIS 

Study of Tre.\tmext *t 

BY I. WILLIAM XACHLAS, .M.D., AXD HERBERT R. JLARKHEIM, M.D., BALTIAIORE, JIARYLAXD 

The subject of treatment for acute hematogenous osteomyelitis is. at the present time, 
a controversial one. The form of treatment that had come to be generally accepted was 
based on the concept that the lesion in the bone constituted a local infection and demanded 
early incision and drainage. Recently, howcA'er, this method has been challenged. The 
relatively high mortality or the long period of recovery' that follows such treatment has 
caused investigators to look for other methods. The concept evolved that the patient with 
osteomyelitis is suffering primarily from a systemic infection, a bacteriaemia. of which 
the bone involvement is only a local manifestation. Under this principle, attention must 
be directed toward the patient as a whole, with a primary attack against the bacteriaemia. 
Modifications have also been made in the treatment of the bone lesion. 

The older procedure consists in treatment “by operation as soon as the condition is 
^recognized. ... it is e.xtremely important to operate early, particularly within the first 
twenty-four to forty-eight hours. . . . " ' This treatment was based on the hypothcris 
that, unless early drainage could be supplied, the developing abscess, with it.-- increasing 
pressure within the rigid, bony confines, would spread bacterial fluids over a broader area. — 
possibly even forcing them into the blood stream. Consequently, there could be expected 
(a) increased local bone damage, with a resultant longer period of illness; (b) a new focus 
for bacteriaemia. with a threat of increased mortality: and (c) a larger number of meta- 
static abscesses. Because of these possibilities, early drainage wa« considered so important 

• Read at the .Annual Meeting of The -American Orthopaedic .A^-ociation, Hot .‘^princ? A^.-gin'- 
June 2S, 1947. 

t The expenses for this study wore met by a grant from the Sydney .AI. Cone Research Foundation, In:-. 
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TABLE I 
Moutality 


Group 

No. of 
Patients 

(A^o.) 

Deaths 

{Per cent.) 

EmcrgcTic 3 " surgeiy 

78 

7 

9 

Dela 3 ’ccl surgei’A’ 

32 

1 

3 

Chemotliorapj’. . 

20 

0 

0 

Total or aA'orage 

130 

S 

6 


that bone drilling was advised if an ostcom3''elitic abscess was even suspected. A cleai 
osteotomy, it was explained, would do no harm; whereas a delay in operating upon a bon( 
abscess could produce serious results. 

Bj'' contrast, the advocates of the s.ystemic form of treatment advance the concep 
that acute hematogenous osteom3’’elitis is basicall3’- a bacteriaemia, in which the depositioi 
of organisms in the bone ma3'^ lead to local infection. Based on this belief, S3'’stemic anti 
bacterial treatment becomes the important primaiy step. If the bone lesion has not 3’’e 
developed suflficientl3'’ to block the circulation, the chemotherapeutic agent can reach th( 
impending abscess and sterilize it. Surgical trauma to the bone, because of its interferenc( 
with the blood flow and because of the formation of local thromboses, is not a benigr 
procedure, and should be avoided in the acute stage of the disease. Indeed, “clean’ 
osteotomies maj^ be considered a plowing of the soil, that will facilitate the implantatioi 
of blood-borne organisms and the development of a local abscess. Furthermore, sinc( 
staph3dococci are the usual bacterial offenders, and since these organisms are slow ir 
causing a local protective barrier or a s3'-stemic immunological response to develop, eai’b 
tampering with. an abscess is likel3^ to spread the organisms and should, therefore, b( 
avoided. 

Thus we find two schools of thought and two radicall3'’ different metJiods of treat- 
ment. In spite of the fact that, in the recent literature, one finds man3'- articles reporting 
series of cases treated satisfactorily by the systemic approach, there are many excellent 
surgeons who claim that treatment b3'’ emergenc3'^ surgeiy gives better results. The 
accuracy of this statement can be determined b3'' a comparative statistical survey. 

With this in mind, the authors have collected and critically analyzed the records of 
patients with acute hematogenous osteomY'-elitis seen b 3 ^ them during the ten- 3 ’’ear period 
from 1936 through 1945. In determining the proper case histories to be included in this 
series, several criteria were used. Only patients Avith the hematogenous variety of osteo- 
m3''elitis, Avho had presented themselves in the acute stage of the disease, AA^ere chosen. 
As proof of the diagnosis, the presence of a positive culture from the operative field or the 
characteristic roentgenographic changes in the bone Avere considered necessaiy. 

In tAA'enty-fiA'^e instances, a presumptiA'^e diagnosis of osteomyelitis had been made on 
the basis of the classical local and systemic signs, including positive blood cultures; the 
patients had been treated by antibiotics, but had recoA’-ered AAdthout the development 


TABLE II 

Average Duration of Disease 



No. of 

Duration 

Group 

Patients 

{Daijs) 


53 

714 


18 

3G0 

Chemotheraiij' 

20 

1G9 

Total 

91 
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of positive roontgonopraphie signs. Tiic.-e ea>es were not included in the present series 
because of the unjjrovcd diagno'^i^, Init they must be borne in mind in the general 
evaluations. 

-Vftcr .sifting the cases, with these restrictions in mind, 130 patients were found who 
mot the requirements. Although a few had had both surgerj' and chemotherap\’ in the 
course of tlicir liospital stay, the patients, as a whole, can be separated on the basis of 
tile pattern of their treatment into a chemotherapy group and a surgerj- group. The 
surgery group can be further divided into tho.se patients who had emergency operations — 
that is. within twenty-four to forty-eight hours after admission — and those whose opera- 
tions were delayed for five days or more after hospital admission. Thus there are three 
classifications: 

Emcrpency surpory . 7S patients 

Delayed .surpery 32 patients 

Chemotherapy 20 patients 

In these categories, comparisons were made with regard to (1) mortality, (2) duration of 
the disease. (3) recurrences, and (4) metastatic bone lesions. 

1. Morl-ality 

The fatalities in this series numbered eight, or 6,1 per cent., of the total. All of these 
deaths occurred among patients in the surgery group; seven of them had been treated bj* 
emergenc}’ surgen- and one by delayed surgerj'. There were no deaths in the group treated 
by chemotherapy alone. Thus, the death rate for each group is as follows: Emergenej- 
Surgen' showed 9 per cent.. Delayed Surgerj* 3 per cent., and Chemotherapy 0 (Table I). 

2. Duration of Disease 

In obtaining the figures reported, the patient’s bone lesion was considered as active 
from the date of onset of the local symptoms until the time of closure of the wound, or, 
in those instances where there was no open wound, the time when the patient was dis- 
charged as recovered. Since a number of patients had left our immediate care before their 
sinuses or woimds had closed, the date of cessation of drainage was obtained from a 
questionnaire sent to each patient. The answers were accepted as accurate, but reports for 
final analysis were collected from only ninety-one. or 70 per cent., of the total number of 
patients. On the basis of these figures, the average duration of the disease was found to be 
714 days for the fifty-three patients of the Emergency Surgery group, 360 da 3 's for the 
eighteen patients of the Delaj'ed Surgery group, and 169 daj's for the twenty patients in 
the Chemotherapj' group (Table II). 

3. Recurrences 

Under this heading, onh' those patients were included in whom a local infection de- 
veloped after closure of the wound. It was found that 40 per cent, of the patients (twentj-- 
,one of fiftj'-three) treated by emergency surgerj'. 22 per cent, of the patients (four of 
J eighteen) treated bj' delaj'ed surgery, and 10 per cent of the patients (two of twent.v) 
treated bj' chemotherapj- showed recurrences (Table III). 

4. Metastatic Bone Lesions 

lYhen a patient was admitted, the focus or foci of infection were noted. .An\' additional 
foci that developed later were considered, for the purposes of this study, metastatic. By 
again dividing the patients into three groups, it was observed that there were metastatic 
abscesses in 23 per cent, of those treated bj' emergency surgen.' (twelve of fifty-three). 22 
per cent, of those treated hy delayed surgen.- (four of eighteen), and 10 per cent, of those 
treated by chemotherapj' (two of twent.v) (Table IV). 
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TABLE III 

BeCURHEN'CES 


of Occurrences 


Gioup Patients (A*o.) (Per cent.) 


Emergency surgery 

53 

21 

40 


Delayed surgeiy 

18 

4 

22 


Cliemotlierapv 

20 

2 



Totals 

91 

27 




TABLE IV 
Metastatic Absce-sses 


A'o. of Metastatic Abscesses 

Group Patients (iVo.) (Per cent.) 


Emergency surgery 

53 

12 

23 

Delayed surgery 

18 

4 

22 

Chemotherapy 

20 

2 

10 

Totals 

91 

18 



In some of the patients treated bjr the S3'’stemic teclinique, rather extensive roent- 
genographic changes were noted. It seemed desirable to make comparative studies of the 
roentgenograms; but, because most of the older films were not available for inspection, 
it was impossible to do this. Although this Avould liave been an interesting addition to the 
study, it is not essential, since this is a studj’’ of end results, and the important statistics v 
are covered by the phases enumerated. 

ANALl'SrS OF OBSERVATIONS 

These figures are so startling, particularl,v with regard to mortalit3'-, that one is led 
to wonder if the more radical procedure, emergency incision and drainage, was used on the 
sicker patients, while the more conservative chemotherapeutic method was i-eserved for 
the less urgent cases. As far as can be determined from the records, no such differentiation 
was made. Certainl3'- the twent3'' patients treated b3’^ the systemic approach were not sub- 
jected to this therapy because of the mildness of their illness, but rather because of the 
conviction of the surgeon. Fourteen of these patients had records of blood cultures, eleven 
of which were positive. In the eight fatal cases, only one patient seemed to be veiy ill on 
admission. Six of the remaining seven showed positive blood cultures. The Delayed 
Surgeiy group contained a number of patients who were so sick on admission that the 
nature of their illness was obscure. Indeed, the reason for dela}'' was generall3'^ the need 
for further time to establish a diagnosis. 

The figures enumerated lead to the following conclusions; The best results were 
obtained in patients who were treated 63'- the systemic approach. Delay in instituting , 
surgical drainage was proved not the dangerous practice we have believed it to be. On 
the contrary, the results were much better in this group than the}^ were in those patients 
who had immediate incision and drainage. The most striking differences were noted in the 
distribution of the fatalities, — none in the Chemotherapy group, one in the Dela3^ed 
Surgeiy group, and seven in the Emergenc3’- Surgeiy group. 

Whatever ma3" have been said of the theoretical arguments against immediate 
surgical intervention, the factual reports prompt us to accept the newer methods, pai- 

ticLilarlv now that we have antibiotics. , , 

The most important change in method is ba.scd on the idea that the treatment mus 
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bo directed toward tlie patient as a whole, rather than toward the osteomyelitic lesion. 
This sounds obvious, but emphasis on this concept Icad.s to an alteration in the details of 
the treatment. It is .still imperative that early diagnosis be made. It is even more urgent 
that systemic antibacterial measures be started immediately. Indeed, this is so important 
that such treatment should be instituted before the corroborative diagnostic tests have 
all been completed. One may c.vpect from this that a fair percentage of the potential bone 
infections will be aborted. The bactericides will also serve as an excellent controlling 
medium, preventing expansion of the infection and protecting the patient against the 
spread of bacteria through the blood stream. 

If a definite abscess is recognized, it is desirable that surgen.* be delayed until the 
autogenous protective mechanism and barriers have been set up, and until the bac- 
tcriacmia has cleared. At that time, surgerj- may be indicated for the institution of drain- 
age. The trauma of the operative procedure .‘=hould be limited to the confines of the 
protective barrier. When the abscess is small, or when bone damage is recognized bj" roent- 
genogram only, it is possible that surgen.' may be avoided. However, some of these small 
abscesses enlarge slowly as months go bj-, and careful surgical judgment must be exercised 
to determine the need for incision and drainage Certainly a number of bones that showed 
considerable structural change by roentgenogram demonstrated the ability to readjust 
themselves without surgical interference. 

Our knowledge of the techniques and characteristics of chemotherapy has improved 
over the years. It is not always enough to administer antibiotics only until the fever has 
subsided; one must continue their administration for some time after the systemic mani- 
festations have been overcome. In two patients, treated before this procedure was 
adopted, it was obsen'ed that the osteom\'elitis became active again upon early with- 
drawal of the drugs, and a new intensive period of medication was required before the in- 
fection was eradicated. I^Iore recent studies with chemotherapeutic agents indicate that 
the organism may develop toleranf^e to these drugs. It appears desirable, therefore, to treat 
these patients with massive doses, and to prolong the treatment for seven to ten days 
after all clinical signs of the disease have receded. It is further deemed necessary- to keep 
the patient under careful obseiwation for several months after this period. 

The institution of therapeutic procedures before the nature of the disease has been 
established may offend the academic instincts of those who require a diagnosis before 
beginning treatment, but the time element is so important that we are justified in mobiliz- 
ing our defensive forces at the first threat of an invasion. The undesirable effects of such 
treatment are negligible, while experience with the twenty-five healed cases excluded from 
this series warrants the anticipation that many osteomyelitic lesions may be aborted. It 
is believed that, as surgeons become indoctrinated with this method, scientific justification 
will follow in the form of a statistical demonstration of the reduced incidence of hema- 
togenous osteomyelitis. 

1. Phemister, D. B.: Pyogenic Osteomyelitis, p. 727F. In Orthopedic Surgery, edited b 3 - R. K. Ghormlc.v 
Xew York, Thomas Xelson and Sons, 1938. 

DISCUSSIOX 

Dr. Dallas B. Phejiister, Chicago, Illinois: These exceiient presentations have shown that penicillin 
therapj' is actualK' revolutionizing the treatment of acute p\-ogenic osteomyelitis; but the same does not 
hold for the cases that are inadequately treated during the acute stage and have become chronic. There, 
bone surgerj- must be combined with penicillin therapj-, in order to get satisfactorj- results. Wlicn the initia- 
tion of penicillin treatment is delaj-ed until after extensive necrosis of bone has occurred, the dead bone maj- 
be rendered so sterile that it undergoes creeping replacement bj- new bone, not unlike that which takis: 
place in a sterile bone graft or bone infarct. This was shown bj- Dr. Altemeier to be true for children. That it 
maj- occur in adults is illustrated bj- the following two cases: 

In one case of severe staphj-lococcic osteoraj-clitis of the femur in a soldier, twentj--5cven j-ears old, 
massive penicillin therapj- w-as started seven daj-s after the onset of infection and was continued for five 
weeks. Extensive necrosis of the cortex in the course of about five and one-half weeks revealed evidence of 

VOL. 30-A. NO. 3. JULY lOtS 



0/s 


DISCUSSION 


absorption of an intensively necrotic ten inches of the shaft, witli l)oginning sequestration and involucrum 
formation. Roentgenograms, four and one-half months later, siiowcd marked absorption of the dead bone and 
an extensive involucrum. Seven and one-half months later, nearly all the dead bone had been absorbed; and 
at nine and one-half months the new-bonc formation was almost complete. One j^ear from the onset, all of 
the dead bone had been removed and the shaft was so well formed that the repair could be considered 
complete. 

The second case is tliat of a tbirt 3 '-year-old woman who had an acute pj'ogenic osteomyelitis, involving 
the head and upper four inches of the diaphj'sis of the left femur, and pyogenic arthritis of the hip joint. 
Sulfadiazine and penicillin treatment was not started until the sixth day, bj’’ which time there must have 
been extensive necrosis of bone in the head, neck, and shaft, extending to the subtrochanteric region. The 
treatment was continued for five weeks, after which it was resumed at irregular intervals for a period of ten' 
months. The infection was overcome and healing was accomplished without abscess formation or operation. 
Two weeks after the start of the pi’ocess, I'oentgenograms showed practically' no signs of change in the bone 
or joint, but at the end of two months there were evidences of extensive necrotic bone in the head and neck 
and extensive absorption in the intertrochanteric and subtrochanteric regions of the shaft. Subsequent 
roentgenograms, during the course of fifteen months, showed gradual disappearance of all of the dead bone. 
That in the shaft and in most of the neck was I'cplaccd by' new bone; but the upper portion of the neck and 
head, being free from any surrounding osteogenetic element.s, and subject to stress and strain as it was inv'aded 
by new bone from below, broke off and was eroded and absorbed, with complete absence of any' replacement 
by new bone. This was accomplished by' healthy' granulation tissue, acting on a sequestrum that had been 
sterilized by the penicillin and sulfonamide therapy'. Had the dead head not been sterilized, it would not 
have been absorbed, and an operation would have been necessary for its removal. 


Dr. Frank D. Dickson, Kansas City, Missouri; There can be no doubt but that penicillin influences 
favorably the course of infection in bone. If used early' in the disease, it will control the infection in a high 
percentage of cases. Unfortunately, however, cases arc often seen after a lapse of considerable time because 
an early diagnosis had not been made, and we are confronted with an abscess already present in the bone. 
In this type of case, early drainage is indicated and should be carried out. Our e.xpcriencc, both before and since 
the advent of antibiotics, has convinced us that early' drainage in the majority' of cases will shorten the course 
of the disease, will reduce to a minimum the amount of bone destruction, and is the greatest safeguard against 
later lighting up of foci which arc quiescent but not necessarily' cured and, therefore, potentially' capable of 
becoming active again under favorable conditions. '■ 

Dr. Altemeier reported 12.6 per cent, of recurrences in sixty'-seven cases followed as long as sixteen 
months after treatment with penicillin, but without drainage. Our experience suggests that this percentage ' 
will increase as time goes on, because latent Infection can be present in bone and can be very difficult to 
determine by roentgenogram. There is no place for surgery', in my opinion, in the treatment of osteomy'clitis 
in the presence of septicaemia and pyaemia with multiple abscess formation. In such cases wc ai-e dealing 
with a true septicaemia; the opening of a single bone abscess will serve no useful purpose, and may' do actual 
harm. However, it is my opinion, based on long-established surgical pi’inciples, that drainage is indicated 
when a single abscess is present without septicaemia. It is still my' thorough conviction that early' drainage 
can be safely done, for, properly pei'formcd, it canles with it practically' no surgical risk. It is difficult for me 
to understand why a simple procedure, which follows established surgical principles, should have so much 
opposition. Obviously, the treatment of osteomy'elitis without the use of modern antibiotic agents should 
be obsolete, but failure to use proper surgical drainage in the presence of pus in bone is equally untenable. 


Mr. H. J. Seddon, Oxford, England; It seems to me that we have three things to consider; first, the 
control of the systemic infection; second, the evacuation of an abscess, if present; and third, the prevention 
of secondary infection. In penicillin we have an almost perfect agent for controlling sy'steniic infection. I 
agree with every'thing that Dr. Dickson lias said about the need for evacuation of an abscess. If we examine 
pus from an abscess throe or four day's after intensive penicillin treatment lias been started, it will be found 
to contain very lively' staphylococci. The abscess is not sterilized; and, if it is left, the staphylococci will 
persist. Evacuation is not an urgent matter, but a decision for oi- against drainage should usually' be made 
within two or three day's of the institution of sy'Stemic penicillin treatment. The lesion may subside very 
rapidly; all pain and su-elling may' disappear within three days, and it is then safe to do nothing. If tenderness 
persists, incision is necessary. If, as is likely, a subpciiostcal abscess is found, it is absolutely essential to 
drill the bone, for there is no other way' of determining whether an intra-osseous abscess is present. A smal 
drill should be used, and the first hole should be made in the bone at the metaphy'seal end of the floor of t ic 
abscess cavity'. Quite frequently, pus wells out when this first drill hole is made. Drilling is continued, in a 
tine away from the metaphysis, until blood is tapped. There is no risk whatever of causing spread of infcetion, 

since the blood stream carries a protective concentration of penicillin. , , . , t i , i „ 

There need be no hesitation in closing the wound, but, generally speaking, the .skin alone shou d i 
sutured, and interrupted stitches are essential. If the wound is inspected after four days (winch is unnecessary 
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ai\(l undcsiniblc), it will l)c found to look like an inri--ion made over the tibia for removal of a bone graft. 
This is, I believe, the complete answer to the bugbear of secondarj- infection. 

These view.s an' ba.'ed on the work of my colleague, Trueta, who ha.s trcatedal! our cases of osteomyelitis 
bctwei'ii June 1941 and January 1917. There were fifty in all, and the results are as follo^vs: There were no 
deaths, no amimtations, no deformities, no joint infections developing after admission, no secondaiy- foci 
developing after treatment had been started, no recurrences, and no pathological fracture or dislocation. In 
all but one ca.'e, the second in our series, function is perfect; that patient has limitation of knee flevion (0 to 
90 degrees) and the femoral abscess was not drainer!. In forty-seven of the fifty cases tfifty-five foci), healing 
iras sound. Sequestra developed in seven of the fiftj--five infected bones. 

Dn. . r.enMEii, TonoxTO, Cav\d\: The following data were given to me by Dr. R. Wilkiason, who 
h.as cared for these patients in recent years; 

.\t the Hospital for Sick Children, Toronto, from 1923 to 1936, there were 674 cases of acute hema- 
togenous osteomyelitis with 140 deaths, a mortality of 20.7 per cent. From January 1940 to June 1947 there 
have Ix'cn 169 cases with 7 deaths, a mortality of 4.1 per cent. 

Autopsies were done in the seven fatal cases. In all, death was due to septicaemia with multiple pr-aemic 
absccsse.s. There have been no deaths since .August 1944. 

Since the spring of 1942, following the lead of our late Surgeon-in-Chief, Dr. D. E. Robertson, we have 
not been operating upon patients with acute hacmatogenous osteomyelitis at the Hospital for Sick Children. 

\Fc liavc Ixicn using penicillin routinelv in osteom.velitis only .since January 1943. From .January 
1945 to June 1947, there have been thirty-eight cases, twenty with positive blood cultures. Three of these 
have required sequestrectomy. One suffered a pathological fracture of the femirr, which has united. In no 
case did secondary lesions develop while the patient was in the Hospital. There were no deaths and none of 
these patients has a sinus. 

In conclusion, four obserwations have been made on this method of treatment : 

1. The clinical course of these patrents is better than it used to be. 

2. There has been less death of bone. 

3. Multiple foci are rare. 

4. Mortality has been reduced from 20.7 per cent, to 4.1 per cent. 

Dr. 'W. a. Altemeier (closing) ; I wish to thank the various di.'cussors for their remarks and to empha- 
size several points. 

A review of the literature indicates the marked effect of penicillin on the mortality rate from acute hema- 
togenous osteomyelitis. Vniether treatment consicted of the parenteral or intramedullarj* administration, 
the mortality has been reduced to less than 2.0 per cent. In our series it was 1.4 per cent. The decrease in 
morbidity was equally significant. 

Definite abscesses, developing before or during therapy, should be incised surgically under the pro- 
tective screen of systemic penicillin therapy, as soon as the condition of the patient permits. The abscess 
usuall}' contains not only viable bacteria, but also necrotizing toxins, capable of producing further destruction 
to adjacent bone. Drilling of the metaph\-sis in the presence of a subperiosteal abscess has not been necessary, 
in our experience. 

Although there have been nine recurrences in sixt\--.=even ca=es treated with penicillin, a definite rea-=on 
has been apparent in all but two, this reason being cither a delay in diagnosis and treatment until advanced 
destruction of bone had occurred, inadequate do.=agc, or faulty administration. The great majority of 
recurrences occurred in the group of patients whose treatment was delayed nineteen to twenty-three days 
and whose infection had produced both abscess formation and extensive damage to the bone. It docs not 
seem logical that the drilling of holes through extensive areas of dead bone would make anj- significant dif- 
ference in the ultimate roentgenographic changes. 

Dr. I. WiLLwat X.\chl.as (closing); I am grateful to the discussors for not making this picture sound 
one-sided. We do not have the complete answer yet; other factors enter the problem. Sterilization alone 
will not prevent avascular necrosis in an area that relics for its circulation on an end arteiy which ha= been 
blocked bj' thrombosis; but this is a separate problem. Our immediate question should I)e, “Which i- the 
better technique for the treatment of acute osteomyelitis?" Our report would indicate that the more con- 
servative procedure gives better results. It is to be hoped that improvement in technique, better antibiotics, 
and earlier diagnosis will j-ield even better results. 


VOL. 30..V. NO. 3. JULY lOtS 



\^ERTEBRAL OSTEOTOMY 


Tbciiniqub, Indications, and Results 

BY DOCTEUH J.-J. HERBERT, AIX-LES-BAINS, FRANCE 
From the Rheumatism Center of Aix-les-Bams 

The coiTcetion of deformit}'^ of the vertebral column in ankylosing spond3darthritis 
is relativelj'" simple, provided the bonj’- segments in the thoracolumbar region have not 
fused. In a series of observations recently recorded b,y the author, the correction has been 
obtained in a very satisfactoiy manner bj'- simple orthopaedic means; but the problem is 
not the same when ank3dosis is complete. 

Let us recall that the deformity is a long thoracic and lumbar kj'-phosis, the head as- 
suming the forward position. When there is bonj'' ankjdosis of the thoracic, lumbar, and 
sacral segments, it is evident that orthopaedic measures will be unsuccessful. 

What is to be done? At first glance the problem appears simple. Correction of the 
deformity of the long bones can easity be accomplished b^'’ osteotomjE As for the vertebral 
column, it is necessaiy to do the same thing, — that is, an osteotom3E TJnhappib'', the 
comparison must end here, because the vertebral column contains within it the spinal 
cord and nerve roots. 

The spinal cord is protected b3'’ two bon3'’ masses, constituting virtual^'’ two bony 
columns, — posteriorty, the spinous processes, flanked b3’’ the laminae and articular proc- 
esses; in front, the vertebral bodies. In spond3darthritis of these two columns, there is 
fusion in an awkward position. In order to re-establish equilibrium, it suffices to make in 
succession two cuneiform osteotomies, the apices of which should be directed toward the 
vertebral canal, the bases awa3'’ from it. 

Few authors have interested themselves in the problem of vertebral-bod3’^ osteotomy; 
for, while it is relatively eas}'’ to attack the elements of the neural arch from behind, the 
same is not true of the posterior approach to the vertebral bodies. Hue approached the 
vertebral bodies through the lumbar muscles. However, this is not practical; the vertebi'al 
bodies are deep, and the proximity of the lumbar plexus adds to the difficulties. 

We have often noticed, during lumbar S3'-mpathectomy, the ease with which one can 
reach the vertebral bodies through the left lumbo-iliac incision, pushing forward and to 
the right the abdominal mass. It is by means of this approach that one should cany out 
the osteotomy of the vertebral bod3^. 

In short, vertebral osteotomy can be accomplished in two stages, at an interval of a 
fortnight or three weeks ; 

1 . That of the neural arch, by the posterior approach ; 

2. That of the vertebral bod3q by the flank approach. 

Smith-Petersen had the great merit of carrying out the first vertebral osteotomy, 
obtaining his corrections by osteotomy of the neural arches alone. After resection of two 
or three lumbar spinous processes, he sectioned the ligamentum flavum or, if this struc- 
ture had ossified, he performed an osteotomy; he next osteotomized the articular proc- 
esses at one or more levels. Correction was then accomplished and grafts, taken on the 
spot, were so placed as to favor ankylosis in the corrected position. The author believes, 
however, that the posterior osteotomy alone is insufficient in cases witli a considerable 
degree of ossification of the anterior longitudinal ligament. 

La Chapelle of Amsterdam has performed osteotomy on both neural arch and verte- 
bral bod3q as described here. His patient’s condition was one of spond3dartliritis follow- 
ing trauma, with total bon3^ anltyosis. La Chapelle operated in two stages, following a 
technique very near to that wliich will be described here. 
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technique 

I. First Stage: Osteotomy of the Xeural Arch 

One commonly finds at operation, ossification of the intei-spinous and flaval ligaments. 
To liave seen the masses of bone tliat have replaced the posterior articulations or inter- 
laminal sjiaees is sufficient to realize how difficult it is to perform the osteotomy along the 
articular planes, as has been done by Smith-Petersen. It has been my practice to osteoto- 
mize the mass of bone representing the fused articular processes between the second and 
third lumbar vertebrae, as well as the bridge of bone often found between the laminae and 
spinous processes of these vertebrae. In this way the vertebral canal and the inten-ertebral 
foramina are opened. It is in the o.steotomy of the fused posterior articulations, situated 
as they arc immediately behind the intervertebral foramina, that one finds the kej’ to 
successful inten'cntion. The o^teotomy is wedge-shaped or rather trapezoid, the apex 
being at the level of the intervertebral foramina and the base being formed by the two 
corresponding spinous processes. 

The accomplishment of such an osteotomy is difficult, for in spondylarthritis, espe- 
cially in the more advanced stages of evolution, the bone is prone to be as hard as ivorj’. 
One must proceed with the osteotome; the rongeur is powerless. To open the vertebral 
canal by this method necessitates considerable skill and the use of a good deal of force. 
An ill-directed blow of the hammer may result in penetration of the dura and the creation 
of lasting caudal or root lesions. 

The operation is performed under a general anaesthetic; the patient, supported by 
pillows, lies prone. 

The incision follows the mid-line and extends from the first to the fifth lumbar spin- 
ous processes; it is necessaix- to have a wide field of operation. Four spinous processes 
must be freed, one above and one below the two spinous processes at the site of osteotomy. 
The approach is subperiosteal and includes the articular processes of the second and third 
lumbar vertebrae. The reflection is continued farther laterally, until the transverse proc- 
esses of the third lumbar are reached. It is also necessarj- to partially free the posterior 
articulations between the third and fourth lumbar vertebrae, as well as those between the 
first and second. An excellent mew of the structures to be osteotomized is indispensable. 

The structures between the third and fourth lumbar spinous proces.=es are dimded 
obliqueh', the osteotome being directed anteriorh- and cephalad. and penetrating to the 
laminae. At this point it is necessarj- to be verj- prudent, knowing how not to advance 
the edge of the osteotome more than a few millimeters at a time, so as not to brutally 
break into the vertebral canal. One proceeds in the same manner between the first and 
second lumbar spinous processes during the osteotomy, the osteotome being directed 
anteriorly and distalh*. 

One then proceeds lateralh' to the outer edge of the fused articular processes between 
the second and third lumbar vertebrae, using the transverse proces.=es of the third lumbar 
vertebra as a guide. It is necessarj- to employ a cuiwed osteotome. The osteotome should 
I be directed tangentially to the transverse processes. The posterior articulation is removed, 
little b 3 ’ little, bj’ means of light taps of the hammer. The lever-like movements of the 
osteotomj' tend to raise the inteiwening bone; finallj' it becomes detached. If the oste- 
otomj' has been well carried out, the vertebral canal and the two intervertebral foramina 
are found to be open at the completion of the osteotomj', and the spinal dura comes into 
■view. Often, through fear of going too far, one leaves a little bonj- bridge behind the 
intervertebral foramina, which could easih' have been removed with a thin rongeur. 

E.xamination of the bonj' block removed at the osteotomj* shows it to be compo-ed 
of the second and third lumbar spinous processes with the more or less o.^sified inten'en- 
ing interspinal ligaments, the two corresponding pairs of laminae, and the posterior ar- 
ticulations between the second and third lumbar vertebrae. If there is no ankj'Ioris of the 
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vertebral bodies, one can correct tlie deformity by removal of the wedge of bone created 
by the osteotomy. The correction is accomplished by raising the superior portion of the 
trunk, through the help of assistants. Sometimes a diy crack indicates rupture of the an- 
terior common ligament at the level of the osteotom.y, whereupon correction of the defor- 
mity follows. If there is bony ank3dosis anteriorlj'', the .straightening can be done only at 
the time of the second stage. 

A fairlj’- large opening of the vertebral canal and the two foramina is necessary. The 
laminectomj'’ should measure about four centimeters from its upper to its lower limits, 
at the level of the tips of the spinous processes; at the intervertebral foramina it should 
be one centimeter. These dimensions vaiy with the degree of kj'-phosis. Following correc- 
tion, the laminae should no longer come into contact, but the posterior walls of the inter- 
vertebral foramina should close. Thci'e should be vertebral support at the level of the 
osteotom}'-, — in front, bj'^ the contact of the posterior edges of the vertebral bodies adja- 
cent to the osteotomj'-; at the back, b}’- contact of the remnants of the neural arches at 
the posterior wall of the intervertebral foramina. 

During the operation, one is struck bj'^ the slight amount of hemorrhage of the bone 
surfaces. Hemorrhage can be controlled with a little patience. It is well for cosmetic rea- 
sons to bevel the spinous processes of the A'-ertebrae, above and below the osteotomy site. 

Postoperative Care 

The kj'^photic position should at first be maintained b}-- the support of pillows. Cor- 
rection should be gradual, in order to avoid undue stretching of the nerves; gradually the 



Fig. 1-A 

Case 1. Lateral and antcroposteiior views of spinal column before operation. 
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supporting pillows are reduced. Acute pain may be experienced, especially in the area o 
distribution of the lateral cutaneous nerve of the thigh, ddiis pain disappears in about tei 
days. When correction is considered to be sufficient, a plaster jacket is applied. 

If correction does not occur or is insufficient, a second operation becomes necessary 

II. Sccoiid Stage: Anterior Osteotomy 

It must be remembered that one of the characteristic lesions of ank5dosing spondyl- 
arthritis is the ossification of the anterior longitudinal ligament. This is often partial, in- 
complete, and of varying dcnsit3^ 

The operation consists in resection of the disc corre.sponding to the posterior oste- 
otomy, followed by immediate reduction of the kyphosis and the introduction of a tibial 
graft between the osteotomized vertebrae. An alternative procedure is the transverse 
sectioning of the anterior longitudinal ligament at the level of several discs, followed by 
delayed reduction of the kj'^phosis. These two procedures may be used in combination 


Exposure 


The patient is placed in the semi-supine position. A horizontal incision is made, from 
a point about five centimeters lateral to the umbilicus to the anterior border of the fascia 
about the lumbar erectors. The muscles are divided and the peritoneum exposed. The 
peritoneum is reflected from the posterior wall, and at the same time the abdominal vis- 
cera are retracted forward. It may be necessaiy to divide the eleventh and twelfth ribs, 
in order to enlarge the space between the thoracic border and the iliac crest, narrowed by 
the-k3''phosis. In one instance it was necessary to divide the ninth and tenth ribs, in addi- 
tion, in order to obtain a satisfactoiy exposure. The vertebral bodies and intervertebral 
discs come well into view as the peritoneal reflection is continued toward the mid-line. 
During the vertebral exposure there may be considerable bleeding, especiallj'' along the 
upper psoas. The dissection is continued behind the aorta, which can be plainly seen. In 
controlling the hemorrhage, the use of clips is indispensable. The vertebral bodies are 
liberated subperiosteally with a sharp curved elevator. 



Fig. 1-F 


Fig. 1-G 


Lateral views of patient, before and after operation. 


It is relativel}’’ eas}'^ to expose 
the second, third, fourth, and fifth 
intervertebral discs. The first disc 
is practically'- inaccessible. 

Vertebral Osteotomy 

The disc may be resected, care 
being taken to avoid opening the 
vertebral eanal. An alternative pro- 
cedure consists in simple section of 
the anterior longitudinal ligament. 
Usuallj^ a scalpel suffices in either 
procedure, the osteotome being un- 
necessaiy. During the procedure,: an 
assistant may'- move the vertebral 
column into extension, causing cor- 
rection which can be seen at the 
site of resection of the disc. 

If the use of an intervertebral 
graft is considered necessaiy, its 
dimensions are determined and a 
bed for it is prepared in the wedge- 
shaped inteiwcrtebral .space. The 
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bono is removed from the tibia and carefully inserted across the resected inten'ertebral 
disc. 

Hemostasis is then secured; this may be difficult. Following the closure of the wound, 
the patient is encased in a jdastcr jacket, applied on the operating table. An orthopaedic 
t.able is neccssaiy, in order that the jacket may be applied at the time of surgerj- without 
moving the patient. 

Following ojK'ration, there may be fairly acute pain in the region of the lower por- 
tion of the abdominal wall, the upper portion of the thigh, and the lateral aspect of the 
thigh, especially in the distribution of the lateral femoral cutaneous nen-e. These pains 
may be experienced during a period of from eight to ten days. The pain may be eliminated 
by flexing the hip joints, thus demonstrating that it is due to nen-e tension. In general, 
the patient becomes symptom-free after twelve days and can be ambulator^' in two or 
three weeks, wearing, of course, 
his plaster jacket. 

I.XDIC \Tioxs 

From a theoretical viewpoint, 
this operation is good for all serious 
and correctable vertebral kj-phoses. 

In practice, it is essentially for 
spondylarthritis with advanced an- 
kylosis and kyphotic deformity. 

This is the only type of case in- 
cluded in this series. 

It is nccessarj- to operate at 
the optimum time. The opinion is 
commonly held that surgical inter- 
vention in cases of rheumatoid ar- 
thritis ought not to be undertaken 
during an active phase, but should 
await a time when there is lessen- 
ing or absence of pain. Such a time 
is further indicated by a normal 
Verne reaction and the return of 

the sedimentation rate to normal. Fig. 2-.\ Fig. 2-B 

W hile such a view may be COITect Case 2. Lateral \'iew= of patient, before and after operation 
for poh-arthritis, it is not applica- 
ble to spondylarthritis. This is also the opinion of Smith-Petersen. Deformity appears in 
spondylarthritis at a relatively advanced stage of evolution, often three to five years or 
more after the onset of the disease. If one wishes to await the cessation of activity, there 
may be a delay of ten years, the lesions during this time ha\-ing become incurable, the 
mter\-ention more difficult, and the result in the main less satisfactorj-. 

In choosing the time to operate, it is more important to consider the general state 
of the patient than the degree of acti'vity of the rheumatoid lesions. Often, however, the 
General and local conditions parallel one another. 

The following policy is recommended in the management of spondylarthriti' 

1. Early mobilization as soon as the least deformity appears or a^ soon a^ pain 
becomes intense; 

2. The correction of deformity, when it exists, and the maintenance of correction by 
aon-operative orthopaedic means; 

.3. In the event of failure of correction by simple orthopaedic measure^, the correc- 
tion of deformity by vertebral osteotomy is indicated. 
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Fig. 4-C 4 .]) 

Patient resting on tabic, before and after operation. 


It is veiy evident that the orthopaedic treatment, both operative and non-operative, 
is on]}'’ one of the elements in the therapy of this condition. Although the patient’s de- 
formity may be corrected, tlie disease remains, and the patient should submit to the 
discipline of medical treatment for a considerable period. Physical therapy should not 
be neglected. The ultimate success must depend upon the general state of the patient’s 
health. 


CASE REPORTS 

Case 1. In Mrs. B., thirty-seven i'cars of age, spondjdarthritis developed at the age of seventeen, but 
actual deformity was not noted until 1939, twenty j^ears later. At the time of operation there was a pro- 
nounced thoracic and lumbar kj^phosis; the head projected forward about thirty centimeters from the ver- 
tical. The roentgenogram revealed complete ank 3 ’losis of the posterior articulations, with ossification of the 
fiaval and interspinal ligaments. The cervical segments of the column were normal. 

On January 2, 1947, posterior osteotomy was performed at the level of the second lumbar intervertebral 
disc. Correction was immediate. 

Following operation there was pain in the distribution of the lateral cutaneous nerve of the thigh. This 
subsided in a few weeks, and had disappeared bj’’ February 13. The patient became ambulatory at that time. 
Correction was almost complete. Earlj' in May 1947, there was roeiitgcnographic evidence of fusion at the 
level of the osteotomy. The patient was able to stoop and walk without pain or disabilitjn 

Case 2. Mr. D., thirtj'’-seven years of age, had had spondylarthritis for ten jmars. Deformity began in 
1941. Actually there was a considerable thoracic and lumbar kj^ihosis. The patient could not look straight 
in front of him. The cervical column was involved. Iloontgenograms showed ankylosis of the posterior articu- 
lations, as u'ell as of the vertebial bodies. On January 15, 1947, an osteotomy opposite the Brst lumbar inter- 
vertebi'al disc was carried out. This proved insufficient to allow correction and, on January 31, the second- 
stage operation was performed; at this time the second, third, and fourth lumbar discs ^vere sectioned. This 
sufficed to allow correction of the deformity on the operating table. Immediateb’’ the patient was placed in a 
plaster jacket. 

During the following days, there was pain on the anterior and lateral aspects of the thighs, but this dis- 
appeared at the end of a few- weeks. The patient became ambulatoiy after twm weeks, and a month after 
operation he was able to make the journey from Aix-les-Bains to Paris, to bo presented at the meeting of the 
Anti-Rheumatism League on March 13, at the Saint Antoine Hospital. 

Case 3. In Mr. M., thirtj^-six 3 "ears of age, spondylarthritis developed in 1941, w'hilc he w'as a prisoner 
in Gerraaty. Deformity was noted during 1943. There was general k 3 ''phosis, which included the cervical, 
thoracic, and lumbar regions, but which was cspecialb’’ marked in the upper tlioracic region. The head pro- 
jected forward from the vertical for a distance of about twenty^ centimeters. The entire column was fused, 
roentgenograms revealing ankylosis between the vertebral bodies as well as between the neural arches. On 
June II, 1947, the posterior ostcotom 3 ' was performed at the level of the third lumbar intcrvcrlcbi'al disc. 
This operation did not accomplish correction and, on June 17, the anterior osteotora 3 ' w'as carried out at tlie 
level of the third lumbar disc. Correction was then obtained gradually and, by Juno 30, the patient could lie 
Bat on a table with his head in the normal position. On July 5, a plaster jacket was applied, with anterior 
support of the Swain t 3 'pe. With this, the patient was able to walk comfortably for several kilometers. 
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Cask -I. In Mr. S., forty-two yciir.- of rlii-iiri..ifiii<l arthritis, with pain of sciatic distribution, de- 
vplojx'd in 1927. Marked deformity wa-- noted in I't'B.j, tin' trunk being fixed in the forward-bent position. 
Tlie forward projection of the liead from the vertical w.a'^ aliout forty centimeters. Cervical movement.s were 
fairly fa-c. Tlie roentgenograms a-vealed ankylo-is, both anteriorly and postcriorh', but there wa.s no fusion 
at the level of the third lumbar intervertebr.d di-c 

On .\ugust 1, 1917, the posterior osteotomy was performed at the level of the third lumbar disc. This 
oi>cration alone was sufficient, for in a few <lay' eorrection wa.s obtained and, on .-August 6, the patient was 
able to lie flat on a table, supine, with the head in a normal position. A plaster jacket was applied on .Au- 
gust 20, and the patient is now able to walk without pain. 

To perform thc.se operations, skill and pnidcnce are needed. Hemostasis requires a 
good deal of attention. 

The impressive thing in there cares has been the patient's mild reaction to extensive 
correction, following the formidable operative procedure. The test of correction is the 
ability of the patient to lie flat on his hack on a hard surface, the posterior aspect of the 
lower extremities, the lower part of the back, and the back of the head coming into con- 
tact with the table. If the patient can assume this position, balance has been re-established 
in a verj- satisfactory manner. 

The only postoperative complications encountered in this series have consisted of 
pain, due to tension upon the neiwes, which is readi!3' explained bj* the change of length 
resulting from the correction. This nerve-trunk tension occurs in the region of the lumbar 
plexus, particularh" in the lateral cutaneous ner\-e of the thigh. It is of the utmost impor- 
tance that great cate be exercised during the gradual postoperative reduction of the de- 
formit.v, to prevent undue pain from the stretching of nerves. 

-HI of our patients who have been treated in the manner described have been relieved, 
not onh' phj-sicalh* but mentalh'. 

Xote: Since this preliminary- report was submitted, anterior and posterior vertebral osteotomies have 
been performed on five additional patient', with the same satisfactory- results as in the cases reported here. 
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NORMAL FLEXIBILITY ACCORDING TO AGE GROUPS 

BY HENRY O. KENDALL AND FLORENCE F. KENDALL, BALTIMORE, MARYLAND 

With a Foreword by George E. Bennett, M.D., Baltimore 

Foreword 

Accurate data regarding the normal flexibility of the human spine at various a^ 
levels are of extreme importance.. Such data should constitute a guide in determinin 
whether individual inability to accomplish certain movements is normal or abnormal. 

With the overemphasis on obtaining flexibility in much present-day treatment c 
poliomyelitic patients, we see increasing need for a guide as to what is “normal”. Th 
study presented here affirms the fact that an abnormal degree of flexibility is produced b 
certain forms of treatment. 

In patients affected bj'^ poliom 3 ’’elitis and other diseases which produce muscle weak 
ness, stability rather than flexibility is of paramount importance in the end result. Slid 
stability is essential in the spine, as well as in the extremities. In the presence of muscl 
weakness, one should be unusuallj'- cautious to avoid stretch of the underlying structures 
so that ligamentous and capsular support maj'^ help to compensate for loss of muscl 
support. 

This stud}'- raises interesting questions in regard to the relationship between age-leve 
variations in flexibility and the age at which such conditions as epiphj'^sitis and idiopathi( 
scoliosis occur. One is inclined to ask what relationship strenuous flexion movements miglr 
have to epiphyseal disturbances and compression or wedging of the vertebrae. The ad 
visability of certain phj'-sical-education activities, during the periods when fle.xion appears 
to be normally limited, should be considered carefull 5 L 

George E. Bennett, M.D 

Touching Anger tips to toes with knees straight is quite generally accepted as a 
“normal” accomplishment in physical examinations and in therapeutic-exercise pro- 
cedures. That such a movement is not “normal” for all age groups was observed by the 
authors in testing individuals, and was substantiated bj^ a preliminaiy studj'- in 1943^ in 
which muscle and posture tests were done on the entire student body at a girls’ school. 
Approximately 300 girls ivere tested in this survejq but the total number was too small 
for a conclusive report. In January 1947, arrangements were made with Elmon L. Vernier, 
Ph.D., Director of Health and Physical Education, Baltimore City Department of Educa- 
tion, to have his staff of physical-education instructors test school children for certain 
flexibility movements. A total of 4,533 school children from kindergarten through the 
twelfth grade were tested. To the results of these tests were added the results of tests done 
previousl}'- b}'^ the authors on 582 3 '' 0 ung adults. 

The instruction sheet to the physical-education teachers included the following 
directions: 

Test I: Reach finger tips toward toes, sitting with knees straight, feet at right angles, 
toes relaxed (Charts 1-A and 1-B). 

If the individual is unable to touch toes, measure the distance from middle finger to 
toes. Measurement should be made of held position, without any forcing or jerking forwaul. 

Test II: Bend forehead toward knees, sitting with knees straight and arms folded on 
chest (Charts 2-A 'and 2-B). 

Place a thin ruler (or cardboard) flat on knees; then with a second ruler, measure dis- 
tance from forehead (nearest point) of subject to knees. For those children Avho are able to 
touch forehead to knees, please check as to an 3 '’ special activities, such as acrobatics oi 
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Chart 1-A 


MALE 


! 

1 FE?iALE 




mm 

Gratle 

-£ss— 

S 

iK 

iBBl 

Range of 
T.ini to.ti on 


WM 

86^ 

102 

K 

5 

102 

98^ 


34" - 4" 

BHjjQ 

4" 

74^ 

125 

I 

6 

108 

835? 


4" - 4" 

i” - 10-^-" 

B 

56^ 

147 

II 

7 

152 

HE 


4" - io4" 


34" 

52^ 

150 

IB 

192 

59% 

' 

1" - 84" 


44" 

52^ 

150 

vr 

9 

158 

57% 


1" - 134" 

BEBl 

44" 

50^ 

158 

B: 

174 

59% 

_£LJ 

4" - 8" 


44" 

41jJ 

140 

m 

156 

495? 

44" 

4" - 10" 


4" 

28^ 

100 

VII 

12 

100 

435? 

IbI 

4" - ii4” 

1^ - 13" 

44" 

40^ 

151 

VIII 

1.3 

115 

Z0% 

B 

4" - 10" 

- 10" 

44" 

50% 

222 

IX 

14 

108 

375? 

i?2 

■2" - 13" 


xl.ti 

60% 

100 

X 

15— 

498 

59^ 

B 

4" - 12" 

2 - ICq 

B 

60, 

100 

XI 

15 

507 

64^ 

Bi 

1" - 12" 


El 

61%, 

113 

XII 

17 

405 

695? 

IBi 

1" - 14" 

m 

■1 

90% 

275 

bBBI 

307 

95% 

Ell 

1" - 64" 

Total numher tested: 2033 

n 

3082 :Total nunber tested 


Chart 1-B 

Test I — Touching finger tips to toes. Measurements of o,li5 indii-iduals. 
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Chart 2-A 


College 
18 - 22 


MALE 


FEMALE 

Range of 
Limitation 

Mean 

% Can 
touch 

ToiiT 

Ex‘d. 

Grade 

Age 

To^aT 

Ex'd, 

TTCan 

touch 

Mean 

Range of 
Limitation 

- 10" 

5" 

5% 

102 

K 

5 

102 

16% 

4" 

«. 7itt 

2 '2 

2" - 111" 

7" 

2% 

125 

I 

6 

108 

5% 

6" 

i" - 10|" 

S" - 13" 

'riu 
' S 

2% 

147 

II 

7 

152 

6% 

7" 

1" - 13|" 

i" - 11" 

ciu 

1% 

150 

III 

8 

192 

5% 

6" 

r - 11^" 

4" - 14" 

9" 

2% 

150 

IV 

9 

158 

5% 

'2 

1" - 12i" 

1" - 12^" 

7" 

0 

158 

V 

10 

174 

2% 

6" 

1" - 10|" 

1^" - 15" 

'ritf 
' 2 

0 

140 

VI 

11 

156 

i% 

6|" 

2" - Hi" 

3^" - 13|" 

9" 

1% 

100 

w 

100 

5% 

6" 

itt nit 

1" - 18" 

8" 

1% 

112 

VIII 

13 

115 

i% 

7" 

li" - 20" 

2" - 19" 

10" 

1% 

215 

IX 

14 

129 

6% 

7" 

i" - 12" 

li" - 19" 

9" 

1% 

100 

X 

15 

173 

6% 

8" 

1" - 18|" 

zi" - 23|" 

11" 

1% 

100 

XI 

16 

277 

0 

8" 

1" - 18|" 

- 18" 

8" 

r — 

1% 

113 

XII 

17 

281 

r/o 

8" 

1^" - 20" 

Total nui 

nber tt 

!sted; 

1712 


2117 :Total number tested 


Chart 2-B 

Test II — Bending forehead toward the knees. Measurements of 3,829 individuals, 
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danciiiir, that might account lor their ahilu\ ?<> p< rt'oiTn this movement. Make a special 
sheet for this group of clukiren. giving anj i> ’'uu'iit information. 

Hl.'l LT" 

Explaiialioii of Chart I-A 

No infants or pre-school cliiltlren were evimined. but accomplishment of tliis test 
movement is considercfl normal for an infant At the age of five. 98 per cent, of the girls 
and SO per cent, of the boys can touch finger tip- to toes with knees straight. A sharp 
decline follows, so that only about 30 per cent, of the boys and girls at the ages of twelve 
and thirteen, respeetively. can perfonn the movement. This low point is followed by a 
marked rise, for five years or more, in the percentage of persons able to complete this test 
movement. 

The test results on young atlidts were not classified on the basis of age; hence they 
are grouped in the graph. The male> in this adult series were students at a militan.- acad- 
emy, and may represent above-normal degrees of flexibility. However, tests done by the 
authors on other adults, not included in this scries, substantiate these findings. The 
females in this series were student nui-ses at the Johns Hopkins Hospital, examined at the 
time of admission to nurses' training. 

Explanation of Chart 1-B 

Reading from the center outward, the columns represent the following: 

1. Total number of each age-group examined, both males and females. 

2. Percentage of indmduals in each age-group who can touch finger tips to toes (as 
plotted in Chart 1-A). 

3. The mean distance of finger tips to toes, computed on the basis of those who are 
unable to touch. 

4. The range of limitation among those unable to touch finger tips to toes. 

There has been no attempt to give percentages on the basis of the total number 
examined, because age-level differences are far more important than over-all averages in 
this particular test. 

It was considered of interest to determine whether any muscle restriction was asso- 
ciated with the lack of flexibility. An angle of approximately 8-5 degrees in the single 
straight-leg-raising test for hamstring tightness was used as normal. The contour of the back 
was carefully obseiwed in forward bending, to determine the presence of back tightness. 

In a series of fifty-three boj’S in Grade 7, the restriction was found to be as follows: 
Thirty-one had hamstring tightness (twelve shght. sLxteen moderate, and three marked) : 
one had back tightness; two had both back and hamstring tightness; and nineteen could 
not be classified as having anj' muscle restriction, but as showing a mechanical inability 
to touch the toes because of the length of the lower exiremities. These nineteen indi\idual5 
appeared to exhibit a stage of growih in which the lower e.xtremities were abnormally long 
in relation to the trunk. 

Thirty girls of the same grade, who showed limitation, were checked, with these find- 
ings; Nineteen showed hamstring tightness (eleven slight, six moderate, and two marked): 
six showed back tightness; three had both back and hamstring-muscle tightne.^s; and two 
had no muscle tightness. 

The range of limitation in forward bending varied from one-half inch to fourteen 
inches, with the mean appro.ximately four and one-half inches for females and four inches 
for males. 

Explanation of Chart 2-A 

The ability to touch forehead to knees, wiien sitting with knees straight, may be 
considered normal for an infant. Bx' the age of five, only IG per cent, of the girls and 5 per 
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cent, of the boys could touch forehead to knees in tliis position. The number drops, so 
that bet^Yeen the ages of six and eighteen the average is app2-oximatcly 1 per cent, for the 
hoys and 4 per cent, for tlic giids. Of forty-four girls reported as being able to touch 
forehead to knees, twenty-three Iiad liad acrobatic or ballet dancing for var}dng periods 
of time, which suggests that approximately lialf of the girls had an acquired rather than 
an innate ability. 

Test results are incomplete for ^mung adults, and have been omitted on the graph. 

The position of the arms (folded on the chest) has been questioned because of the 
possibility that such a position might limit flexibility. Testing the same individual vith\ . 
arms down and with arms folded on chest shows that the head is approximate!}' one-half \ 
inch closer to the knees when the arms are down. However, in testing a large number of 
persons, the folded position of the arms has been found to ensure against assistance by the 
arms in a pulling or pushing movement, and makes test results more accurate. 


Explanation of Chart 2-B (to be I'cad according to the explanation for Chart 1-B) 

The test results shown in this survey are similar to those reported by Gurewitsch and 
O’Neill. These authors reported test results on five separate test movements, one of which 
appears to be essentially the same as Test II in this paper. Another is essentially the same 
as Test I in this paper, except that Gurewitsch and O’Neill’s test was done Avith the subject 
in the standing position, AA'hereas that reported here \\'as done A\'ith the subject in the 
sitting position. 

The authors consider it adA'isable to do the flexibility test (Test I) AA'ith the subject 
in the sitting position. It has been obseiwed that forward bending in the standing position 
ma}' be limited by a unilateral pehde tilt, or by clockwise or counter-clockAA'ise rotation 
of the pehds in relation to the thorax. The lateral tilt or rotation tends to disappear AA'ith 
the subject in the sitting position, Avith the result that frequently individuals Avho cannotv 
touch the floor A\'hen standing can touch the toes Avhen sitting. Such findings are more J 
common among adults than among children, but should be considered in testing a large 
series of all age groups. 

As pointed out by GureAvitsch and O’Neill, many factors influence test results. Chil- 
dren should not be given advance notice of the tests, nor should they be permitted to 
practise the test movements. In the series reported in this paper, school differences ap- 
peared AA'hich necessitated a sampling from various schools in several grades. Such differ- 
ences Avere probably due to the influence of physical-education procedures, AA'hich vary to 
some extent AA'ith schools. 

The average distance from head to knees in Test II AA'as 6.9 inches for those unable to 
touch in the GureAA'itsch and O’Neill series, AA'hich compares closely AA'ith the mean of six 
and one-half inches for females and eight inches for males in this series. The range of 
limitation in this series varied from one-half inch to tAventy-three and one-half inches. 

Both studies shoAA-ed that girls are more flexible than boys; and, in both, the age of 
tAveh'e represented the period Avhen the smallest number of children could touch fingei 
tips to toes AA’ith the knees straight. 
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AX EVALUATION OF CERTAIN NON-OPERATIVE :METH0DS USED 
IN THE TREATMENT OF CEREBRAL PALSY 


BY Hr,Rni:uT e. hipp>. m.d.. waco. tex.\s 

Several years of experienee in the conservative treatment of cerebral palsy have 
caused the author to doubt the value of some of the commonh' used therapeutic procedures. 
A revieu’ of the current literature did not clarify the subject. Hence it was decided to test 
' the more common therapeutic agents by using only one at a time, for a specific period, 
on a group of patients, and to attempt to measure the beneficial results of each. 

PROCEDURE 

Thirty-five patients with cerebral palsy were selected for this study: eighteen were 
predominantly of the spastic type, twelve were largely of the athetoid tj-pe, and five 
were of the ataxic group. Their ages ranged from six to seventeen years. All patients were 
considered to be of average intelligence. None had had conruilsions since the first ^-ear of 
life. All those in the spastic and athetoid groups could balance themselves in a sitting 
position. Children were purposely selected who would be expected to show a fairly rapid 
response to treatment, in order to lessen as much as possible the over-aU time necessarj* 
for this study. 

The evaluation of each of these measures was based on a few relatively accurate tests 
and measurements, supplemented by the opinions of the doctor in charge of the case, the 
physiotherapist who gave the treatments, the nurse or nurses who took care of the child 
on the ward, and the child's mother. 

On the second or third day after admission, each child was examined and given tests 
\ applicable to his tjpe of involvement. Then, for not less than one month and not more 
than four months, he was treated each day by onh'- one of the methods under consideration. 
At the end of the trial period he was given another test, and the results were recorded. 
Either immediately after this trial period or during another period in the hospital, another 
method of treatment was started and carried on for the necessarj' period of time; after 
this the patient was again tested. The different tjpes of treatment were never used con- 
currenth' during these tests. 

If, after four weeks, it became e^ddent that a child was not making progress under 
one of these treatment procedures, the test period was continued no longer; or if, in this 
same period of time, he showed a distinct measurable improvement, the trial period was 
terminated. 

Since most patients of average intelligence improve slowly ^ith the passage of time, 
regardless of treatment, a maximum time limit of four months was set for the completion 
of each test. A measurable improvement, occurring within that relatively short period of 
time, may justifiably be attributed to the form of therapy used rather than to a natural 
, degree of recover}'. 

/ 

TESTS AXD MEASUREMENTS 

]^Ieasurements of the degree of voluntar}' motion the child could carry out in a certain 
joint, against contracted muscles, were possible in the spastic group of patients, and they 
were fairly accurate. 

^Measurements of muscle coordination were obtained by ha\-ing the child color a circle 
of a certain size \rith a red pencil. The number of times the pencil mark went over the 
circle line at each test, plus the general appearance of the coloring pattern and the time 
consumed in coloring, gave a fairly accurate picture of the beha^’ior of the muscles. 

Since the ataxic patients could not balance themselves in a sitting position unless thev 
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had a back rest, the abilit.y to sit alone was used as a mark of tlieir progress. The duration 
of eacli successful balancingcffort was timed and recorded for each successive measurement. 

The ability to relax was measured by timing the interval between the request to relax 
and the patient’s accomplishment of that state. 

A simple wooden peg board, with the holes an-anged in the form of a star, was used 
as an additional cooi'dination test. TJ)o time ncccssiwy for the child to pull out and replace 
all the pegs served as a measurable criterion. 

T-hese tests and measurements were always made at the same time of day, in the same 
room, by the same person, under as nearly identical conditions as possible. \ 

The ojoinions of the ph3’'siothcrapist and of the doctor Avere recorded separately; 
and in each instance this Avas done before the final test AA'as giAmn to the patient. The 
AAmrd nurse’s opinion of the child’s progress AA'as usuallj^ based on the practical aspects of his 
abilit.y to dress himself, comb his hair, AA'ash his teeth, and take care of himself in general. 

The recorded opinions as to the patient’s progress A\'cre based largel3" upon the degree 
of his abilit}'- to execute a voluntary moAmment on command, and not upon his ability to 
relax. Although relaxation is an important stop in training, the abilit3^ to relax alone is 
of little practical Amlue to a child. Too often liaAm Ave seen children who, after long periods 
of training, had been taught to relax, and aa'Iio could do so complete^’'; 3'’et these children, 
on attempting to cany out some requested moA'-ement, immediate^'- lost all their relaxation 
and returned to their preAdous spastic or athetoid state, still unable to execute successfully 
a practical, AA’orth-AAdiile, Amlitional effort. 

Explanation of Treatment Used 

Muscle Stretching: The effort to correct spastic contractures and deformities Avas 
encouraged b3^ manuall3'’ stretching contracted muscles. For example, a scissor deformity 
of the loAA'-er extremities Avas treated b3'’ stretching the tight adductors. A flexed elbow Avas‘’\^ 
repeatedly stretched into a position of extension. / 

Prolonged Immobilization: This AAms usualb'- accomplished AAuth casts. The legs in a 
scissor deformity AA^ere held in an abducted po.sition b 3 ’- tAvo long casts AAdth a stick betAveen 
them. 

Guided Rhythmical Passive Motion: If a knee Avould not straighten, it Avas gently flexed 
and extended in short, eas3'^ rhythmical moA'^ements, and the degree of extension AA'^as 
gradually increased as additional muscle relaxation AA'as obtained. 

Light Massage: This consisted in soft, soothing, sIoav stroking of tense, unruly muscles. 

Heat: The affected extremities or parts AA'^ere baked AA’ith an infra-red lamp. 

Bracing: Usualbr thigh-length, pelvic-band braces AA^ere applied to the loAver extremi- 
ties of a spastic or athetoid child aaAo could not AA^alk, and he aa^s placed betAveen paz'allel 
AAmlking bars and taught to Avalk. Later he used crutches and these braces; and, as he 
made progress, the braces AA^ere shortened. 

Pool: Patients Avith cerebral palsy did not go into the pool with other patients. Their 
exercises in the pool Avere carefully guided, and AAmre carried out in such a Avay as to take 
adAmntage of the buo3mncy and Avarmth of the AAmter. 

Coordination Exercises: These exercises AA'^ere carried out by the use of special to3’’S, 
Avhich necessitated a certain degree of coordination and dexterity in the affected extromit)^ 
Some of them required the use of only one extremity; others requii’ed the use of both hands, 
and still others needed the coordinated use of all four extremities. During his daily exeicise 
periods, the patient played Avith these toys and aa^s instructed in the proper use of them. 
Some of the t03^s and exercises included building blocks, hammer, wagon, and dium, oi 
only one extremity; modeling cla 3 q accordion, popgun, Avinding musical tops, cutting paper 
dolls, and looking at a comic book suspended b}”- a string, for both extremitie.s. For coor i- 
nation of four extremities, Ave used the ladder bars, a scooter or a tricycle elevated on a 
stand so that it Avould not roll, and a jungle g3’-m (pipe maze). 

Tiin jounN'Ar. oi- no.vi: axd joi.vt svnarnY 
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TABLE I 


An alysis of I mprovement after Wvnioi > Types of Treathent in Spastic Geocp 


Tyix“ of 
Treatment 

1 .loint 

1 Mea.'iire- 

1 ment 

i 

Pep 

Board 

Opinion 

of 

Mother 

Opinion 

of 

X ur-e 

Opinion of 
Physio- 
therapist 

Opinion 

of 

Doctor 

Ability 

to 

Rela.x 

Circle 

Test 


1 Yes Xo 

Ves Xo 

Ve.s Xo 

Yes Xo 

Yes Xo 

Yes Xo 

Yes Xo 

Yes Xo 


AIuscIe-strE'tchinp oxer-; 


ci5C5 1 

0 

IS 

0 

IS 

3 

15 

0 

IS 

0 

IS 

0 

18 

' 0 

IS 

0 

IS 

Prolonged immobiliza-; 













1 




tion ; 

4 

14 

0 

IS 

12 

6 

0 

18 , 

4 

14 

4 

14 

- 0 

IS 

, 0 

IS 

Guided rh\"thmical p.as-' 

















sive motion ! 

10 

S 

6 

12 

IS 

0 

5 

13 

14 

4 

12 

6 

9 

9 

9 

9 

Light massage 

7 

11 

' 2 

16 

16 

2 

4 

14 , 

5 

13 

6 

12 

4 

14 

1 

17 

Heat 

0 

IS 

0 

IS 

1 

17 

0 

IS 

0 

IS 

0 

IS 

2 

16 

2 

16 

Bracing (walking) j 





IS 

0 ' 



IS 

0 

, 16 

2 

0 

IS 



Pool 

7 

11 

4 

14 

IS 

0 1 

9 

9 

16 

2 

‘ 13 

5 

15 

3 

2 

16 

Coordination exercises . ' 

IS 

0 

16 

2 

18 

0 

17 

1 

IS 

0 

IS 

0 i 

6 

12 

IS 

0 

Diversion exercises . . • 

IS 

0 

12 

6 

18 

0 

18 

0 

18 

0 

IS 

0 ' 

10 

S 

17 

1 

Repetitious indiAudual 












1 





efforts 

16 

2 

17 

1 

18 

0 

IS 

0 

IS 

0 

IS 

0 

17 

1 

IS 

0 


A'es = ImproA’ement. 

Xo = No improvement. 


Diversion Exercises: This is a method of getting the child to exercise the extremity in 
the required way, while his attention is diverted to something else. TVe had often noticed 
that a child could perform a certain movement, such as opening his hand, when no one was 
near him, but that when he was asked to do it, intense spasm and incoordination occurred 
and the fingere flexed tighter than ever. The diversion was usually soft, rhythmical, waltz- 
time music. For e.xample, the child lay on his back on a mat, and was taught to raise the 
arm and drop it in time to the music. This exercise was applicable to all four extremities. 
Marking on a blackboard, hammering, or other similar actix-ities were also done in time 
to music. 


TABLE II 

An.alysis of Ijiproax.ment .after V.ariocs Types of T reataient in .Athetoid Gro vp 


Opinion Opinion , Opinion of Opinion .Abilitv 


T\-pe of 

Treatment 

1 Circle 

1 Test 

1 

1 of 

1 Mother 

i 

• of , 
[ Xurse 

Physio- 

therapist 

of 

' Doctor 

Pe 

Boa 

•<r 

ird 

to 

Relax 

Yes 

Xo 

1 Yes 

Xo ! 

i 

! Yes 

1 

Xo 

Yes 

Xo 

Yes 

Xo 

Yes 

Xo 

Yes 

Xo 

Prolonged immobilization 

0 

12 

t ® 

12 1 

i 0 

12 , 

0 

12 

, 0 

12 

0 

12 

0 

12 

Light massage 

2 

10 

1 12 

0 

0 

12 ; 

0 

12 

0 

12 

1 

11 

4 

S 

Heat 

0 

12 

6 

6 

0 

12 , 

0 

12 

0 

12 

0 

12 

0 

12 

Pool 

5 


12 

0 

3 

9 1 

6 

6 

4 

S 

2 

10 

2 

10 

Coordination exercises 

6 

6 

12 

0 

10 

2 1 

12 

0 

12 

0 

s 

4 

6 

6 

Diversion exercises 

S 

4 

12 

0 

12 

0 ' 

12 

0 

12 

0 

s 

4 



Bracing for walking 



12 

0 



6 

6 

6 

6 





Repetitious indixidual efforts 

12 

0 

12 

0 

12 

0 ! 

12 

0 

) 

12 

0 

12 

0 

11 

1 


Yes = Improvement. 

Xo = Xo improvement. 
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TABLE III 

Analysis or iMpuovcMnNT ai’toh Vahious Tyimis or TniUTMnNT in Ataxic Gnoup 


Type of Ti cut merit 

1 

j Balancing-Infeival Time 

Silting Still Only 

Sitting Still plus 

Arm Movements 

1 

Xo 

Im))iov(‘ment Impiovcment 

Xo 

Impiovement Impiovemeni 

Pool 

Biacing (special chaii) 

Light massage 

Pcpetitious unaided halaricirigefToits 

f} 0 

0 0 

1 4 

3 2 

3 2 

5 0 

0 5 

2 3 

Repetitious Individual Efforts: The child was given a job to do, an exercise to perfoini 
or an objective to accomplish, and was urged constantly to do it by himself. He tried am 


tried, again and again. He may have been commended, praised, cajoled, or even remon 
strated with, but never was lie lielped manual^'- or witli apparatus in the performance o 
that one thing. When lie became tired or nervous, lie rested; but, when rested, he triec 
and tried again for long periods of time to master that one requirement. 

DISCUSSION OP RESULTS 

This stud}'' was conducted primarily to determine which treatment procedure was o 
value, and which was not of value. It ivas not intended to be a quantitative analysis o 
the respective merits of each procedure, and could not accurate!}’’ be so, chiefly because o 
the variable time factor in the trial period of each test. Nevertheless, it was fairly obvioui 
that some procedures were distinctly of more value than others. 

An analysis of the statistical details (Tables I, II, and HI) indicates that the f ollov in^ 
individual therapeutic measures, as defined, are of no value in the treatment of spastic ano 
athetoid patients: muscle-stretching exercises; prolonged immobilization; heat, in the form 
of baking; and light massage. 

The following procedures are of limited value: guided rhythmical passive exeicise^ 
and pool therapy. 

The most valuable procedures are: bracing (for walking), coordination exercises, 
diversion exercises, and repetitious unaided individual efforts. 

No conclusions were formed in the ataxic group, as the number of patients was too 

small. . . 

The repetition of individual unaided efforts apparently ranked high m etticienc} 
among the treatment measures studied. However, this is really not a special treatmen 
procedure, because no special techniques of training were used. The child learned by con- 
stantly trying. He learned in his own way. He learned as any other child learns to f o 
things by trying to do them. It is obvious, therefore, that improvement came abom. 
because of his constant prolonged efforts to do the one thing required of him. This shou W 
emphasize the importance of continuing our training efforts all day long, at every availab e 
opportunity, and not for an hour or a two-hour period each day. 

From this work, we cannot be certain just what combinations of these measures wouk 
be of most value. However, if we combine those that individually are of proved value, am 
eliminate those that are of no value, our treatment of patients with cerebral palsy sbou 
be improved, particularly if we carry on with them for long periods of time each ay. 

It is of interest to note how often the mother could see improvement that was no 
discernible to others, and which did not manifest itself in the tests. 
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FHACTUKE-DISLOCATIOX OF THE HIP JOINT 


Tiik Natcue of the TnAVMATic Legion. Tre\tme.vt. Late Complicatioxs. 

AND End Results 

ny MARSHALL R. URIST. M.D.‘, CHICAGO. ILLINOIS 


Jeep accidents in the European Theater of Operations produced a large number of 
uncommon injuries of the liip joint. This paper presents twenty-seven cases of dislocation 
of the hip. associated with major fracturc.s of the acetabulum or head of the femur, in- 
curred under both combat and non-combat circumstances. The experience gained in the 
management of these eases provided an opportunity to determine the indications and the 
best techniques for primary’ surgical treatment. Renew of the case records, operative 
notes, serial roentgenograms, and follow-up e.xaminations. two years after the injuries, 
disclosed now information about the pathogenesis of avascular necrosis of the head of 
the femur. 

The cases are classified according to the standard te.xtbook classification of these 
injuries. The twenty-seven included fifteen cases of posterior dislocation with fracture 
of the posterior rim of the acetabulum (Table I); eight cases of fracture-dislocation, 
irreducible by closed manipulation (Table II); and four cases of posterior dislocation, 
associated with fracture of the head of the femur (Table III). Some cases of each group 
were treated conseiwatively and some by open operation, the decision depending upon 
(1) the author's clinical judgment in individual cases, (2) the physical and tactical cir- 
cumstances in which treatment had to be administered, and (.3) the results obtained from 
conseiwative treatment, which was attempted first in almost every' case. 

/ This report is the last of a series of three papers. A group of simple dislocations, re- 
ported in the first paper, were treated and followed at the same time as the cases reported 
in the present communication, and will serve as a control for evaluating the part of the 
injurj’ concerning the joint capsule Fractures of the acetabulum, similar to those 
occurring in the cases presented here but yvithout dislocation, were also treated concur- 
rently and are being reported elsewhere in detail; these i\’ill serve as a control group for 
evaluation of the part of the injury’ affecting the bony structures'. The more difiicult 
problem of the fracture-dislocation — the complex injury’ in which both the capsule and 
bonj^ structure of the hip are invoh’ed — will be clearly outlined by a comparatiy’e analysis 
of the three groups of cases. This analysis is also useful in ey’aluating methods of treatment 
and the causes of late complications. 


TR.y.UiLATIC LESIONS 


The nature of the injurj' to the joint was sury’ej’ed in fifteen cases of all tj’pes of 
fracture-dislocations, treated bj’ open operation. The major damage was sustained bj’ the 
folloyy’ing structures: acetabulum, periarticular ligaments, tendons, and muscles, the 
Jigamentum teres, and the retinacula of the joint. Injury’ to the rim of the acetabulum, 
inflicted bj’ a sudden impact of the dashboard of the automobile against the flexed knee, 
constitutes the first stage of a fracture-dislocation. The second stage is the excur.rion of 


the head of the femur, which tears the soft parts of the joint and lacerates the periarticular 
structures. 


Acetabulum 

The damage to the posterior rim yraried in magnitude, and included inrignificant 

* Formerly Major in the Medical Corps, Array of the United States. Now at University of Clii'aco, 
School of Medicine. 
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TABLE 1 

Fractures op the Posterior Rim op the Acetabuluji with Reducibee Posterior Dislocations oP the Hip (Military Personnel) 


£ c ' 

‘S'S 

o cj 

§ -*^1 
fe'S) 


§ £ 
® -S 

.5 u 

"3 g 
.2£ 

g n 

o 


a 

So 

0 

.s 

03 

♦S 

*d 

.s 







-^3 Q 

4 S 

0 -4- 


. 4 ^ 

.s 

’0 

U- 1 

0 

d ^ 

> w 

> u 

*s 

D* 

0 

c3 

CL 

- 4 ^ 



C5 

.t 

ive 



•-— » ^ 

« 1 


d 

.2 

*w 

Q 

-2 3 
3 O 

^ o 

’d 

d 

.2 

*w 

d 

s 

r- 

*0 

••— i 



d 

S.M 

0 

d 

d 

u 

0 



s § 

.2 M 

05 0 

d 3 


c 

.2 

*« 

d 

0 

0 

3 

-« > 
2 H 

d 

0 

0 

d 

d 

.2 

73 

G 

.2 



0 

to 

-2 

0 

tsC 

0 



0 

0 - 

O-P 


C5 

05 

0 

^ 2 

d ^ 

0 

05 

*05 







s 



"5 2 

o U 
*.:3 ^ 

Q 

-2 

d 

0 

0 

05 0 

3 . 

d 

0 

-4-3 .4.3 0 

3 C 0 
-2 

0 

C 

d 

0 

d 

.2 'C ,2 r-t 

* n ff *"£ ^ 

0 

d 

0 

"gp 

0 

“ 2 

05 

0 

tJO 

s 

3 

0 

0 

bjD 

0 0 

05 t— 

d^ 

C 

o 

'o 

0 

1° 

"o 73 ”3 

0 0 0 

C 

.s 

C 

0 

d 0 d 

d 

-Li 

c 

^.3 

id S ' 

d 


.2 c3 

S ^ 2 


X 


X X 0 

c 

c 

Q 

•^ 0^3 

c 



"o 

*3 

CL 0 *3 

'3 

e5 


0 




P 

P P 

p 

P 

P 


d 

P 

0 

P 

d ■< 




c 

c 


d 

d 

c 


















05 — 
0 K 

t/5 

c; 

0 

Cl rt< 0 

0 

c 

»> 

0 

d 

T— 4 

2 § 

*> 

s 

0 

c 

-iii 

d 

0 

c 

Cl 


»o 

0 

d 




;5 

P 



P 

p 






c 

;-.2 

o 

-4-3 d 

C C 

fll ^ 

Si <D 

H § 
O 


^ X 

.Sh 

c3 

S"^ 

2 -£ 
•S 


O • 


03 


a 

W) 


c3 


^ o W 


(U 

> 

o 

s 

o 

s-< 

05 

IS 

o 

0 

c 

o 

X5 


c 3 

s 

05 

O) 

£ 

H 


c: 

.2 

c? 

<y 

s-« 

C5 

<v 

Qh 

O 


05 

O 


O 

O 


c, 

S, 

o 

C5 


O 

c 

6 

S 

5 

o 

> 

*05 

o 

-4>J 

X 


0 CL 
fcX)-^ 

d o 
_ 

C 

1 H 

|i« 

-s-s 

« g 

^ C3 
"& 
O fr- 


-ki* ^ -^-- 

c c c 

t) a o 

£ E E 

tc tc bfl 
d d c 3 


^ o o 

fcJ3 tjO W 

.s .s s 

05 05 

<15 O O 
bc w ) c 


.S d ‘ 




t. 

*§ ^ CL 
g_o E 

3 » ^ 
« g C 

•H o 
E E 

• - O hO 

c ^2 

o fc< «-; 


u, 

.2 

^ - 
c 


o 

o 

d 




C5 

3 

o 


o 

.o 


3 3 


uC c; "d 

03 d c 

txi w 


t£l 

d 


S-K - 4-3 d * 


CQ ^ 
Ch S-< 

•3 d 
'S ^ 


3 

-4-3 O 
U 


tf 

.2 

*-3 

d 

X 

<3 


d d -G 

hJ H 


c c d 

.2 .2 .2 
*- t-j *-3 *-S 
d d d 
XXX 

ua ys <3 

*d "d 'd 


d 


C5 
6 
ci 

— . C5 c: 

--3 05 

“ *?5 O 

E X £? 

« d 

hJ 


^ C C 3 ^ 

CU o CL o CL o 

s s *.3 S *C 3 s 

d d d 

u U 

^ 0-3 0-3 0-3 

^ CL Q CL C5 CL CD 

o o o > 


O > O 

o o o b 


3 d i2 

' 2 £* -e c 

' ‘^ S ’-2 3 c; 

^ c E 

S 

E>'B 

O 2 d 

oooooooobo *“ 

03 ^ 05 ^ 05 ^ 

S ^ S b S b * 

d O c3 2 d £ d 

-r •- - s. ‘ 


o 

§-?5 


2 — 
Sm ^ 




y. y. X y. 


O d 
O 

d 3 

-d 05 

o .^2 
C 

O 


o 

03 

d a 

05 2 

C5 CS 

5 s 

T5 g 
d ■ 
d "3 
V 2 

« «iS E*! 

CL ^ d ■ " 

S S 2 ‘ ■ o 

« d 3 2 '3 

pd - 


d -G c 3 


d 

s 


d 

*-i3 

d 

X 

(C 


d 

.2 

*•2 

d 

X 

U3 


to 


-3 

o 


C 

O 


b£) 05 

d o 

u CL 

, «— I 

•3^0 
o d 


0 

•w 

Si Si- &-. 

05 05 05 

•4-) ^.3 . 4.3 

U* 

0 

S 

- 4.3 


05 

k> 

05 

-Li 

05 

05 

2 ^ 
d 0 

.2 

d* 

-S .3 _d 

S' d" S' 

.£ 

cT 

.s 

d 

05 

05 

"o 

05 

05 

05 

05 

05 

05 

05 

d 

d p 

g -S 

.2 

,2 .2 .2 

,2 

0 

00 

00 

00 

00 

00 

^ 0 

*-d 

•4-3 * 4.3 *4-3 

443 

*43> 


s-< 

U 

Li 

&4 

«j-< 3« 

0 

0 05 05 

05 

05 

0 

0 

0 

0 

0 

0 U-i 

G 

G G G 

G 

G 

U-t 

Lf-i 


U-4 

V— 1 

0 

3 

3 3 3 

3 

3 

G 

G 

G 

G 

G 

ll 

0 

;-> 

05 05 05 

S-I S- S-I 

05 

S-i 

05 

V-* 

.2 

.2 

0 

.2 

.2 

d 

d d d 

d 

d 

'.43> 

0 

*-G 

C5 

'-43> 

05 

3 

05 

3 

05 

§ I 

05 

a 

<u CJ CD 

tt a Q. 

05 

CL 

05 

CL 

d 

t- 

d 

&-« 

d 

S-i 

d 

d 

&H 

d S 

0 

000 

0 

0 


H 

H 

H 

H 

p? 


d 

o 

S 

b£ 

d 


0^0 

o 


d 

> 

o 

s 

o 

Ph 


<D 

O. d 
cl's 

O -cs 
3 

p d 

5 d 

■Sis 

d -4-3 


CO 


o 

CN 




“-I 

3 yi 

U-i 

o d 

.. 

0) ~a5 =3 

S 

^ -g 

0 i ; ® 
c! t. § 

1 |l 

O = 


lO CO 
C<l C^ CO 


o 

d 


d 

3 

o 


d 

CL 

o 


d 

d 

o 

> 


d 

.2 -2 

-4J 3 

d .b 
o o 
o 


05 


d 

g S 
1^ 


-. 

O bJD 
-4-J 05 
d f-i 


d ^ 


d 

•4^ 

3 


lO 

<N 


ZO 


\o 

tN 


d ' 

H-? 


w £ 

CL S 

s § 

O ^ 

o 


*3 

d 

d 

bC 

05 


05 

■3 

d 

d 

o 

3 

05 


- 2 
e3 


a) o 

E S 

^ o 
pH 


05 

05 

C 


05 

3 

d 

d 

o 

3 

o 


d 

hP 


« C^^ 


lO 

OJ 


lO 

<N 


o 

CQ 


VC 

CJ 


<N 

(N 


THE JOURNAL OP BONE AND JOINT SURGEBA 




^OL NO 3 JULY 104^ 



/Uii 


M, R. URIST 


bruises or chip fractures, small fragments of the edge of the cotyloid labrum, larger 
ciescent-shaped segments of the articular cartilage, and great segments of the entin 
imsterior and superior portions of the acetabulum. Less than lialf the head of the femui 
lies outside the bony acetabulum in the normal hip and, after many of the supporting 
stiuctiues in the capsule had been ruptured, the integrity of the posterior and superioi 
portions of the rim appeared to be of increased importance to the stability of the hip. 

Soft-part attachments and the size of the bone fragments of the posterior rim cle- 
teimincd the healing and the practicability of surgical repair to the joint. Small fragments 
of the edge of the rim showed little or no articular cartilage, were coated with cotyloii 
ligament on two sides, and frequcntlj'' la 3 ’' free in the hematoma in and around the joint 
Only large fragments, four to seven centimeters in length, had broad attachment to the 
cajDsule, bled when curetted, and were assumed to have a sufficient blood supplj'^ to survive 
when replaced. The fracture was iisuallj'^ oblique and the articular side of the rim fragment 
was, fortunately, less than half as wide as the outer side (Fig. 6-C). The larger the frag- 
ment appeared in the roentgenogram, however, the more articular cartilage one could 



Fig. 1-A 

Sketch shows fracture of posterior rim of left acetabulum, the pos- 
terior joint capsule, and the limits of the exposure in the posteitor 
approach. 


expect to find upon it at 
oiDeration. 

Periarticular Structures 

The major damage to 
the soft parts of the joint 
was usualb'- sustained the 
parietal or external portion 
of the capsule, rather than 
the visceral or reflected part, 
which carries the major por-^ 
tion of the blood supplj'' to 
the head of the femur. When 
a large segment of bone was 
detached from the rim, the 
capsule Avas essentiall)’’ in- 
tact, except for a single tear 
in the posterior portion; and 
the head Avas dislocated in- 
to '■the fracture site. The 
short external rotator mus- 
cles, hoAvever, sustained con- 
siderable damage. The belly 
and tendon of the piriformis 
Avere stretched OAmr the head 


of the femur. The tendon of the obturator internus AAms stretched over the neck. The 
gemelli AA^ere torn and shredded. All of these structures Avere infiltrated Avith blood and 
matted together AAdth fibrinous exudate and gramdation tissue; and dissection Avas difficult 
if operation Aims done longer than tAvo AA'eeks after injuiy. Comminuted fractures of the 
rim, in addition to all these changes, AAmre accompanied bj’' extensive, contused, lacerated 


Avounds of all the posterior soft parts. 


Femur 

The head of the femur could be examined thoroughl}^ by rotating it through its range 
of motion in all directions at the fracture site. Almost eAmiy case shoAved some damage to 
the articular surface of the head, but these lesions Avere small and not Ausible roent- 
genogi-aphicalb^ EAmn fractures of some magnitude could not be demonstrated in antei o- 
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Fig. 1-C 


Fip. l-IB; Sketch 5ho«-inp the 
superficial anatomiral relation- 
ship? on the posterior aspect of 
the hip joint. The reflection of 
a sepnient of the trochanteric 
insertion of the plutacus ma\i- 
mus profide.s the relaxation 
nccessan.’ to develop a larce 
ttdndotv in the plutaetis niaxi- 
mus. fltedrawn from Fig. 117,.-! 
^ Camphcll’.s “Operative 
Orthopedics”. Reproduced bv 
permission of C. V. Mosbv 
Company.) 

Fip. 1-C: Sketch shotting the 
^Snall dMp muscles and the re- 
of the sciatic nerve. 
The piriformis, when reflected 
medially, envelops the sciatic 
nerve, and all further dissection 
IS deep and lateral to the short 
ertemal rotator muscles of the 
hip. (Redratvn and modified 
from Fig. 117,5 in Campbell's 
‘Operative Orthopedics”. Re- 
produced by permission of C. V. 
Mosby Compant'.) 

Fig 1-D: Sketch showing the 
skeletal relationships, the frac- 
tiwe site, the short external 
rotator muscles reflected medi- 
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Fig. 1-D 

ally, and the rent which is frequently found in the inferoposterior portion of the joint capsule. 


posterior vdews alone, or in films made bj' routine or imperfect techniques. In five cases 
■"■ith rim fractures, lunate-shaped indentations were seen in the anterior aspect of the 
head of the femur, representing sites which had been cleft bj' the edge of the rim. In one 
^case a circular flat depression (subchondral compression fracture), two centimeters in 
diameter, was noted on the anterior aspect of the head, as if the head had been tapped 
■«^th a mallet. The surface of the bruised cartilage was dotted with pinhead-sized spots 
uniformlj' distributed, which represented the tufts of granulation tissue which form earh* 
lo the process of repair. 

'L]gaineniinn Teres 

In three cases in which the posterior portion of the acetabulum had been removed, 
the ligamentum teres was parth- ex-posed for inspection and was found to be stretched and 
frayed. Complete x-isualization was possible in onh' two cases in which the hip had been 
disarticulated, and in both instances the ligamentum teres had been severed before the 

' xo. 3. JULY ISIS 



operation. It is possible, in one case, that it was stretched and not torn apart; and that, in 
many cases, the excursion of tlie fiead was not so great as appeared in the roentgenograms. 


Fig. 2-A 


Case 1. Roontgcnogiam of a fracture of the posterior liin, cential portion, and the inner table of 
the acetabulum, with posterior dislocation of the hip joint. 




Fig. 2-B 

After manipulation and leduction of the dislocation on the day of the injury. The posterior rim 
fiagmeat lemains widely displaced and unaltered treatment in traction. 
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Fig 2-C 

Postoijerativo roentpcnogram. t«o ueck* aOer the injun, showing rodurtion of the fracture of the 
posterosuporior rim of the acetabulum and internal fixation with a ‘ingle 'crcw. 


fictinaciiJa of (he Hip Joint 

Blood clot and organizing hemorrhage were seen in the retinacula in ttvo cases. The 
significance of this observation was not realized at the time of the operation, and was 
surmised only one year later, when the records were reviewed for studx- and the roent- 
genograms of these patient« showed avascular necrosis of the head of the femur. The 
importance of this finding and the relatively small amount of attention that retinacula 
have received in the clinical literature warrant a short description of the anatomy of these 
structures. They were fir-t described by Josias Weitbrecht in 1742. The retinacula are 
three flattened bands of loose fibrous connective tissue, containing many blood ve.=sels and 
covered with sxmovial membrane. They lie within and partly outside the reflected capsule 
on the inferii^ postero-inferior, and posterosuperior aspects of the joint. They literalh- 
sen-e as aqueducts, cariying the blood supply to the head of the femur from numerous 
branches of the medial femoral circumflex vessels in the intertrochanteric region. The 
retinacula merge with the superior and inferior pads of fat at the margin of the articular 
cartilage, and there their blood vessels give off terminal arterial branches and receive the 
venous drainage of the capital epiphysis As will be shown further in a di‘cu;=ion of the 
late complications in this series of cases, the role of the retinacula in avascular necro-is 
demands further investigation in relation to both trauma and disease of the head of the 
femur. 

FR-XCTURES of the posterior Rni OF THE .\CET\BULr.M WITH DISLOC.VTIO.N OF THE HIP 

In the fifteen cases of fracture of the rim of the acetabulum with dislocation (Table IF 
Ihe dislocation was reduced by closed manipulation just a= readily and by the .-ame 
methods as were the dislocations without fractures, reported in the first paper in thi- 
series. In about 25 per cent, of the cases, the diagnosis of fracture wa« not recorded: and 
in several other cases, e.xtensivc fractures were not appreciated by the surgeon- who 
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administered emergency treatment and manipulated the dislocation. The oversight is 
easy to understand. Unless one knows intimately the roentgenographic appearance of the 
hip joint, the fracture may seem to be obscured by the head of the femur in films taken 
before reduction. In cases in Avhich the fracture was finally noted in the postreduction 
films, a false idea of the apposition of the fracture lines was sometimes conveyed by 
examination of onlj'’ the antcropostcrioi’ view of the hip. A true picture of the displacement 
of the rim fragments is best obtained in a postero-oblique view, with the injured side 
elevated 60 degrees, the patient lying supine on the cassette and thus placing the posterior 
portion of the acetabulum in profile. 



Fig. 3: Case 2. Roentgenogram of a posterior dislocation of the hip joint with fractures of the rim and 
central portions of the acetabulum. The posteio-oblique view demonstrates the displacement of the rim 
fragment better than other views. 

_ Fig, 4: Case 6. Postero-oblique view of a fracture-dislocation, two weeks after closed i eduction of the 
dislocation and three daj'-s after open reduction of the rim fracture, shows the accuracy of the repair. 
The articular cortex should be reconstructed as perfectly as possible, and the sciew should penetrate 
both coitices to obtain good fixation and a good lesult. 



Fig. 5-A Fig. 5-B 

Fig. 5-A: Case 3. A posteiior dislocation of the hip with displacement of the fiagmcnts, shown in (lie 
postero-oblique view. A large lim fragment with its capsular attachment lies above the head of the 
Fig. 5-B: Two year's after open leduction and internal fixation. Arrow indicates ossification o 
attachments of small muscles and joint capsule. 
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Conf!crL'a(ivc Treatment 

Conservative management by traction was applied in five of the fifteen cases. In 
three cases, tliis form of treatment was dictated by circumstances, the patients ha\'ing 
head or abdominal injuries which took precedence over the hip injury'. In the other two 
cases the rim fragments, although larger than chip fractures or avulsion fractures, yet 
were so small that any defect in the rim would not be large enough to affect the stability 
or range of motion of the joint. 

Surgieal Treatment 

Ten patients with fracture of the posterior rim were treated, first bj' closed reduction 
of the dislocation, and then by arthrotomj*. In seven cases the rim fragment was large, 
viable, and attached to the parietal portion of the capsule; and the fracture was reduced 
and immobilized by internal fixation with a screw (Figs. l-.A. to 5-B, inclusive). In three 
cases (Cases 13. 14, and 15), either the lesions proved irreparable, the main fragments 
were detached from the blood supply, or the articular cartilage was so severely damaged 
that it was advisable to remove the posterior rim (Figs. 6-.\ through 6-G and 7-A through 
7-E). The decision between replacement and fixation of the fracture or the removal of 
the fragments was naturally made at the time of the operation, and depended upon the 
presumed vitality of the bone fragments; but the operation itself was always indicated 
when there were loose fragments around the joint which might lead to migration of intra- 
articular bone, ossification of periarticular structures, irritation of the sciatic nen'e. or 
the probability of a painful joint in later years. 

Technique 

The patient was placed in the prone position (ndth small pillows along the antero- 
lateral aspect of the chest) on an operating table, equipped mth a drop leaf under the hip, 
to permit the surgeon to make flexion manipulations. A posterior approach, similar to 
that described by von Langenbeck, Kocher. or Osborne, was used in all cases (Figs. 1-A 
to 1-D, inclusive). The incision was begun along a line dranm between the posterosuperior 
spine of the ilium and the inferior portion of the greater trochanter; at the latter point 
it was turned distally two inches (five centimeters) along the posterolateral aspect of the 
thigh. The whole length of the glutaeus maximus was split along its fibers, above the line 
of the neck of the femur. Through this opening the deep fascia, covering the short ex-temal 
rotator muscles of the hip, was widely exposed ndth the aid of the Balfour self-retaining 
retractor; thus a window, three inches square, was made in the glutaeus maximus. The 
exposure could be enlarged if a part of the insertion of the glutaeus was also transected. 
At this point the traumatic lesion in the short external rotator muscles, the capsule, and 
the joint was usuallj^ ^risible and found to be filled with blood clot, sometimes amounting 
to seventy-five cubic centimeters in volume. After the hematoma had been removed, the 
fracture line always came into view, and it was possible to see the glistening white head 
of the femur. Both sides of the fracture line were fully exposed by section of the tendinous 
insertions of the piriformis, obturator intemus, gemellus superior, obturator extemus. 
and gemellus inferior. Stubs of each tendinous insertion were left on the trochanter for 
later repair, and heax'j' black silk sutures were placed in each end of each transected tendon 
to facilitate retraction and reflection of the short external rotators. The sciatic nerve 
passed across the medial side of the operative field, in the plane between the piriformi' 
and the gemelli. Reflection of the muscles medially, as shown in Figure 1-D. afforded 
protective covering for the nerve. 

Further dissection was confined to the region anterior or deep to the external rotator 
muscles, and was done subperiosteally on the pehric side of the fracture lino. The peri- 
osteum or joint capsule was not lifted from the rim fragments, in order to avoid injury' 
to the blood supply. After loose chips of bone and flakes of articular cartilage had been 
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remolded, the main fragment could be fitted accurately into place by apposing the d-, 
edgejS’-as closelj^ as possible. The position of adduction, 10 degrees of flexion, an(^ •’ 



Fig. 6-B Fig. 6-C 

Fig. 6-B: Following manipulation and i eduction of the dislocation, the lim fiagment lemaincd dis 
placed infeiiorlj". This position, lather than one superior and lateral to the head, which is the usua PJ* 
of displacement of the posterior rim, indicates that the capsular attachments of the bone liagmen i. 
been lost or subjected to evtensive injury. , 

Fig. 6-C: Specimen of the posterior rim of the acetabulum, lemovcd at operation (mcasuied m cent - 
meters). The fragment was avascular, attached to a torn and tnisted Pcd’cF' of joint capsule, a 
to be completely devoid of blood supply. A segment which is nearly the complete ° l,y 

cartil.age has been lost in this case. There was also a hemorihagic lesion of the retinaculum, 


the changes shown in Figs. 6-D to 6-G. 
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Fig. C-D Fig. 6-E 


Fip. 6-D: .Anteroposterior \'ie\v, two years after the original injurj-, showing necrosis of the .superior 
.segment of the head of the femur. 

Fig. G-E: l^iteral roentgenogram, two years after the original injury. Xote the cleavage line betneen 
the necrotic and the tnalile portions of the hc.ad. The dead bone is being separated and replaced by new 
bone. 



Fig. 6-F Fig. 6-G 


Fig. 6-F: .Anteroposterior roentgenogram, approximately two and one-half years after the injun-, 
slious further absorption, separation, and replacement of the dead portion of the head. 

Fig. 6-G; Lateral xiew, three years after the injun.-, showing sheering of the dead portion of the head 
awav from the lixing bone posteriorly at the line of absorption and regeneration. 

e.Ntemal rotation relaxed the posterior capsule and removed the pressure of the head of 
the femur, so that circumstances were favorable for holding a perfect reduction. The 
position of the screw xvas carefully estimated to prevent placing it too near the articular 
cartilage. It was placed nearly horizontal, at right angles to the plane of the fracture, and 
directed somewhat superiorly. A depth finder was used, to make certain that the screw 
had penetrated the cortex of the inner table of the pehds. Bicortical fixation wa« ncccs- 
sarj- to withstand the test of cautious rotation and piston mobility-, carried out at the 
conclusion of the repair. Reduction of the fragments simultaneously closed the defect in 
the posterior capsule. The operation was concluded by the excision of small amounts of 
shredded muscle tissue, repair of tendons of the small deep muscles, and clo-urc of the 
wound in layers with black silk sutures. 

Immediate postoperative care was instituted with the patient prone in bed and the 
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hip Hcxpci 20 (leurops over a pillow. Gluteal excrci&es were begun as soon as the sutures 
had been removed. .Vt the end of five to ten days the patient was placed in the recumbent 


po'ition. and the hip was suspended in ten 
with Peai-son attachment. 

Trriirls i/i Trcatnicni 

-Vlthough surgical treatment of fracture: 
a.s anaesthesia and roentgenography were 
developed, less than a hundred cases are re- 
ported in the literature. These operations 
were attempted at first on the so-called 
inveterate cases by means of posterior, 
anterior, straight lateral, or U-shaped in- 
cisions. and were intended mainly to reduce 
the displacement of the head of the femur. 
No attempt was made to replace the frag- 
ment of the rim of the acetabulum, and the 
fracture was not always correlated with the 
failure to reduce the dislocation by closed 
manipulations. There is disagreement in the 
modern textbooks and literature about the 
best approach for operations on old fracture- 
dislocations of the hip. This should not con- 
fuse the clearly defined problem of open 
reduction or removal of extra-articular bone 


pounds of skin traction in a Thomas splint 


of the rim of the acetabulum began as soon 
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Fig. 7-C 



Fig. 7-D Fig. /-E 


Fig. 7-C: Specimen of the posterior rim of the acetabulum, removed at open operation. The e\ten.-ave 
damage to the acetabular cartilage and the impacted fracture of the bone tb.'Ue contra-indicated re- 
placement of this fragment. There were no retinacular hemorrhages in this ca.=e and ava.=cular necro-is 
did not follow (see F igs. 7-D and 7-E). 

Fig. 7-D: Roentgenogram of the hip joint, two years and ten months after e\cL-ion of the po-terior 
rim. In the anteropostenor view, the superior surface of the head shons irrcgularitic' and ‘•light -clero-i-, 
presumably due to irregular wear and tear on the articular surfaces. 

Fig. 7-E': Lateral \'iew of head of the femur. The area of degenerative changc-s in the head of the femu’- 
corresponds to the area of the fracture defect of the articular surface of the acetabulum. There i-, .a.‘- yet, 
veiy httle, if any, narrowing of the joint space. 

fragments, follotving a fresh fracture of the posterior rim of the acetabulum. A number 
of recent case reports testify that the posterior approach is particularly suited to po— 
terior dislocations associated nith fracture of the rim. The successful use of thi- method. 
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particularly the Osborne modification of the von Langenljock and Kochei’ approaches, 
in eleven cases of both reducible and irreducible dislocations ii'catcd by the writer, may 
be added to the literature as further evidence of its value. 


FIIACTURIOS OF TIIK ACETABULUM WITH FOSTEUIOR DISLOC'A'ITONS 
IRREDUCIBLE BY CLOSED MAXIBULATIO.V 

The cause of failure to reduce posterior dislocation of tlic hip in eight cases in this 
series was tlie interference of displaced bone fragments of a fracture of the acetabulum. 
These cases will be considered in two groups: (1) comminuted fractures of the posterior 
and superior portions of tlic rim witli intra-articidar displacement of fragments (three 

cases) ; and (2) extensive 
fractures of the entire ace- 
taiiulum with disorganiza- 
tion of the joint cavity (five 
cases). 

The patients (Table 
II) arrived in General Hos- 
pitals in the Communica- 
tions Zone after at least 
two unsuccessful attempts 
at closed reduction had 
been made in each case in 
Field and Evacuation Hos- 
pitals. Improved roentgen- 
ograms, including stereo- 
scopic examinations, re- 
vealed either that the head 
was obstructed by bone 

Case 18. Roentgcnogr.am of a postciior dislocation with a commi- fl'agments of the rim, 0i 
nufed fracture of the postoiior rim of the acetabulum. joint cavit.V "'as so 



Fig. 8-A 



Fig. S-B Fig. 8-C 

Fig. S-B: Roentgenogram aftei closed i eduction of the dislocation, which was accompHshec unn^^^ 
diatelv after the injury. A fiagmcnt of bone was caiiied into the acetabular fossa during b'c 'u ,(,[g(ion 
tion. This antero-oblique view of the joint gave the best demonstration of the fragment anu u 
to the head of the femur. , injury- 

Fig. S-C: .Antero-oldique roentgenogram after icmoval of the bone fragment, three weeks at - 

Tire loss of articular surface appears to be small, but actually it is considerable, as shown m S- 


Tur: jounNAi. or noxn and joint 
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Fig. 8-D 


Fig. S-D: Photograph showing bone frag- 
ments removed from the joint iiy anterior 
iliofemoral arthrotomy, three weeks after in- 
jur r. The large fragment on the right was 
re itoved from the acetabular fossa. The three 
smaller fragments on the left were imbedded 
in the posterior soft part.s, poorly attached by 
shreds of capsule or cotyloid ligament. 

Fig. 8-E: Roentgeno^am, twenty months 
after arthrotomv, showing avascular necrosis 
of the head of tte femur. The collapse of the 
bone structure was not prevented by having 
the patient use crutches for nearly two years. 

deformed and distorted that it could not 
receive the head of the femur. It was, 
therefore, anatomically impossible to ef- 
fect reduction in any of these cases by 
closed manipulation. Conservative treat- 
ment in traction was of limited value in 
both groups of cases, but it was essential 
for the patient s comfort, and it was neces- 
sarv temporarilv to retain anatomical approximation of the head of the femur and the 
fractured pelvis. 

Comminuted Fractures of the Posterior Rim of the Acetabulum 

After the closed manipulations in three cases (Cases 16, 17, and IS), bone fragments 
lodged between the head of the femur and the joint cavity and obstructed the reduction. 
In one of these three patients (Case IS), an attempt was made to disengage the^^e intra- 
articular rim fragments bj' pulling the head of the femur down over them and thrii.^ting 
it inward with grinding and scooping movements, but these manoeuvres were futile and 
harmed the joint surfaces. Immediate open operation was required in each of the three 
cases. 

Removal of I ntra-Articidar Bone Fragments 

The anterior iliofemoral approach was considered advisable for arthrotomy and re- 
moval of intra-articular bone fragments in three cases. The anterior portion of the capsule 



Fig. 8-E 
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Fig. 9-A 

Case 21. Rocntgenogi am (ictouchod) of an extensive fractuie of the acetabulum, with dislocation 
and disorganization of the hip joint and scpaiation of the S 3 'mphj"sis pubis. 



Fig. 9-B 

Roentgenogram with patient in vertical skeletal traction after closed manipulation, showing rcduc 
tion of the dislocations. 
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was found to bo intact. Init tlic superior and posterior portions were stretched, frayed, 
and torn. All of the bone fragments which were one square centimeter or larger in size 
were attached to iicdiclcs of torn capsule or strips of the short external rotator muscles. 
In order to replace the head of the femur in the joint, it was necessars^ to apply traction 
and at the .-ame time to pry loose the interposed cap.sule, muscle, and torn tendon with the 
aid of a smooth, flat instrument. In Case IS the hip had to be disarticulated inth the aid 
of an incision in the intact anterior portion of the capsule, in order to remove a large 
fragment of bone lodged in the acetabular fossa. In all of these cases, however, the ob- 
stniction to replacement of the head was the interposition of the soft-part attachments of 
the bone fragments, and not the pieces of bone themselves, as would appear from the 
rocntgenogninis alone (Figs. S-.A. to S-E, inclusive). 




Disorganization of the Hip Joint and Sciatic-N erve Palsy 

In five cases (Cases 19, 20, 21, 22, and 2.3) e.xtensive fractures of the entire acetabulum 
and surrounding pelvis had occurred, in addition to dislocation of the hip. ^Manipulations 
were undertaken to restore the length of the extremit 3 ’' and to place the head of the femur 

in a more suitable anatomical 

relationship to the pelvis. Be- 
cause of the high risk of in- 
jurA’ to the sciatic neiwe, such 
manipulations were justified 
onh' if done veiy skillfulh'. 

TheA" Avere neA'erthelcss car- 
ried out in Cases 21 and 22, 
in which separations of the 
SATnpliA'sis pubis and rupture 
of the sacro-iliac joint were 
associated Avith the hip lesion. 

In one of these cases (Figs. 

9-A, 9-B. and 9-C), the sepa- 
rated SA'mphA'sis pubis be- 
came reduced Avhen the head 
of the femur Avas replaced 
in the joint. The popular 
method of placing the patient 
on his side Avas used first in 
both instances, and AA’as found 
to be ineffectiA-e. 

All except one of the fiA’c 
patients AA-ith disorganized 
hip joints were treated con- 
. servatiA’el 3 ^ in traction and 
suspension for seA'eral AA-eeks, until the patient’s general condition would tolerate a major 
reconstmetiA’e procedure or transportation to a hospital for prolonged conA'alesccnt care. 
In the one exception (Case 23), peroneal pals 3 ' deA'eloped A\-hile the patient A\-as under the 
author’s obserA-ation, and exploration of the sciatic nerve and the displaced fragment^ of 
the acetabulum Avas indicated immediatel 3 '. The operation proA-ed to be Avorth Avliile. and 
the case is described here (Figs. 10-A, 10-B. and 10-C). 

Open Reduction and Exploration of the Sciatic ^erve 

For this operation, the hip AA'as exposed b3' the posterior approach alrcad3' described. 
The sciatic nerA'e AA'as discolored by eccln-mosis for an area of about an inch; it A\-a= intact. 



Fig. 9-C 

Photograph of the patient, shonnng vertical skeletal traction. This 
ivas the only position which would prevent the head from redi=locat- 
ing and causing severe pain, radiating doa'n the leg, from pressure on 
the sciatic nerv-e. The patient had seA'eral fractures in the arm and 
forearm, immobilized in skin traction, and an injun.' to the posterior 
portion of the urethra, which wa-S treated. The virtue of this method 
of suspension was the comfort and facility ivith Avhich the patient 
could receiA’e the necessaiy nursing care. He could actiA-eh' lift him- 
self off the bed. 
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Fig. 10-A 


Case 23. Roentgenogram shows an irreducible fracture-dislocation of the hip joint. The body of the 
ischium was impacted into the body of the ilium, and there was an associated fracture of the superior 
ramus of the ischium, all of which obliterated the joint cavity. 



Fig. 10-B Fig. 10-C 

Fig. 10-B; Roentgenogram, three weeks after open reduction of the dislocation and fractures. One 
screw held the posterior portion of the acetabulum accurately in position. 

Fig. 10-C: Lateral loentgenogram, demonstrating the repair. 
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Fifi 11-A Fig 11-B 

Fir. 1 l-A; 21 RfH'iilpcnoRram -h amgr po'i trior tli^loration oi the hip with fracture of the head 
of the femur. The '•epment of tlie infenor portion ot the head int lude- the tovea and remains in the ace- 
tabulum, attached to tlie hpamentum tert' 

Fip. 11-li; Hoentpenopram two and one-lialt \tar- after the original injure The proeimal fragment, 
which I- dcmon^lnilile oiiK with the head iti < \trem< internal rotation, ha- reattached it-elf to the head 
and dot", not interfere with norm d function of tin joint 

however, and was .'ttrotclied over the large fragment of bone which represented the entire 
posterior portion of tlie acetabulum. Traction on the femur probably compressed the 
nerve in the soft parts between the head of the femur and the rim fragment, and appar- 
ently the peroneal pal«y \'as produced in this way. In order to expose the joint cavity, 
the nerve was retracted medially; the head of the femur was adducted and internally ro- 
tated beyond the normal range; and the rim fragment was retracted laterally with a bone 
hook. The acetabulum was found to be obliterated by a displaced impacted fragment of 



Fig. 12-A Fig. 12-B 


Fig. 12-.\: Case 26 Roentgenogram shownng a fracture of the head of the femur with po-tcrior di-Io- 
cation of the hip joint, two weeks after closed manipulation. Rotation of the hip wa.= painful, and th<- 
total range of motion was less than 75 per cent, of normal. 

Fig. 12-B; Retouched photograph of the hip joint, ccpo-cd and disarticulated throuch th< antf no' 
iliofemoral approach. The head of the femur showed 1111*= impactc*d =tcllate fracture, with w pmcntation 
of the articular cartilage. 
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the body of the iscliium, and tliis could be seen in the roentgenogram to be associated with 
a second fracture, involving the superior ramus of the ischium. In order to disimpact and 



Fig. 12-C 


Hoentgenogiam of the hip joint, after the anteio-infeiior poition 
of the mushroom-shaped head had been sculptuicd down to normal 
size by open operation, two weeks aftei the original injury. 


reduce these fragments, it 
was necessary to mobilize 
and reflect the origin of the 
quadratus femoris. The 
bod}'- of the ischium could 
then be pulled down; thus 
the joint cavity was imme- 
diateb’- re-established and 
the head could easily be re- 
placed in the joint. The rim 
fragment was fixed in posi- 
tion with a single screw. 
Function of the hip was 
regained. 

Trends in Treatment 

Before roentgenograms 
were available, the diagno- 
sis of unreduced or irre- 
ducible dislocation of the 
hip was usually established 
by innumerable unsuccess- 
ful manipulations. In most 
of the early recorded cases, 
as well as in man}'- recent 
cases, not enough data are 



Fig. 12-D 


Roentgenogram of both hips, two yeais and eight months after operation. The head of the light femur 
shows normal density, slight iriegulaiity of the articular corte.v, and partial obliteration of the old epi- 
physeal line. Avascular necrosis of the entire head of the femur probably had not occuried m this case. 
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snpplipd to clptormine the exact reasons for failure of conser\'ative treatment, except that 
it was usually administered by doctors who had had verj' little experience with these 
unusual injuries. Early operative treatment has become common only in recent years. 
The eml results are variable, and sometimes fusion of the joint or arthroplasty is necessarj- 
within a few years after the operation. 


FU.VCTCUr.S OF THE HE.\D OF THE FEMUR MTTH DISLOC.ATIONS OF THE HIP 

Gross fractures of the head of the femur were found in four cases. In Case 24 (Figs. 
ll-A and 11-B) the antero-inferior portion of the head of the femur, including the fovea 
capitis femoris and its attachments to the ligamentum teres, remained in the acetabulum, 
and the hip was dislocated posteriorly. There was verj' little displacement in two cases of 
impacted fracture (Cases 25 and 27), but another patient (Case 26) showed an extensive 
mushroom-shaped deformity of the head. This patient was the only one in the group who 
showed appreciable limitation of motion of the joint under anaesthesia, after the disloca- 
tion had been reduced. Open reduction, therefore, appeared to be indicated in this case 
■ 1 order to reduce the size and diameter of the deformed head and to establish free motion 
a- -oon as possible (Figs. 12-A. 12-B. 12-C. and 12-D). 

> 'thro plasty 

The entire joint in Case 26 was exposed b 3 ' the anterior iliofemoral approach, and 
( -articulation was carried out as in the Smith-Petersen arthroplasty. The head of the 
1 -luir ^howecl an impacted stellate fracture. The articular cartilage was split into six 
- jments. separated bj' intermediate areas of raw cancellous bone. The antero-inferior 
iiMi tion of the head protruded from the acetabulum and was crushed against the rim. The 
iig. iiimtum teres was tom apart and pressed into the substance of the crushed bone in 
' the fovea. The fractured impacted bone, protmding from the head of the femur, was re- 
moved with a sharp osteotome, and the head was thus reduced as nearh' as possible to the 
normal size and shape. The bone bled profuseh’-, suggesting that the greater part, or cap- 
sular source, of the circulation was intact. After hemostasis had been obtained b\' warm 
saline compresses, the head was replaced and was found to revolve freeh' in the acetab- 
ulum. 


Trends in Treatment 


Gross fractures of the head of the femur, when differentiated from minor bmises, 
fissures, and subchondral fractures, are rare in dislocations of the hip. Such fractures have 
been considered verj- serious injuries b\' Miiters who have reriewed the case reports in the 
literature, but the treatment and results varied according to the exact tj-pe of the lesion. 
In a clean fracture of the inferior portion of the head, when the proximal fragment included 
the fovea capitis femoris and the blood supph’ of the ligamentum teres, the fragments 
sometimes were reduced when the dislocation was reduced; the fracture even healed and 


good function of the hip resulted. Massive compression fractures, or am- tj-pe invoUfing 
the superior portion of the head, healed poorh' and resulted in considerable disabilitj'. 
Because the tj'pe of injurj' rather than the treatment determined the results, conser\-a- 
tive methods have been adopted in nearh- all of the cases reported in the literature in 
recent j-ears. Arthrotomj- \rith removal of displaced bone fragments was successful when 
the fracture was limited to the antero-inferior portion of the head, but the operation was 
naturally ill-fated when the weight-bearing surface of the head was involved. Avascular 
necrosis with collapse of the femoral head was not a frequent complication in these cases, 
and was hardlj' mentioned in the literature. This almost eliminates the possibilitj- that 
concussion or subchondral compression fractures are etiological factors in avascular 
necrosis of the femoral head. 
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COMPLICATIONS 

Most of the recent literature on ti-aumatic dislocation of the hip has been devoted to 
the problems of prevention and treatment of complications. These are usually classified 
as early or late complications. The following earl.y complications were encountered in this 
series of cases: retroperitoneal hemorrhage, urinaiy-tract injuries, thrombosis of the 
hemorrhoidal veins, thrombophlebitis, sciatic neuritis, and sciatic-nerve pals 3 ^ Late 
complications, encountered within a period of six months to two years after the injury 
included ossification of the joint capsule, sjmovitis, avasculai' necrosis of the femoral heac 
and traumatic arthi’itis. 

Retroperitoneal Hemorrhage 

In all cases of comminuted fracture of the acetabulum, blood is probabb" extrava 
sated into the retroperitoneal space, and maj' diffuse upward behind the abdominal caviti 
to the undersurface of the diaphragm. This was observed in one case (Case 20) at autopsy 
several daj^s after the injiuy, when the patient died of a concurrent head injuiy. Simila; 
cases have been described in the earlier literature. Distention, vomiting, and fever, whicl 
ensue in the first few daj'^s after extensive fractures of the acetabulum, should be treatec 
with this condition in mind. In all cases, a period of traction for five to ten daj’-s is ad- 
visable, in order to observe the patient for possible head, chest, and abdominal injuries 
before operative treatment of the hip joint is undertaken. 

Urinary-Tract Injuries 

Fracture-dislocations of the hip joint, in nine cases in this series, were associated with 
multiple fractures of the pelvis, such as displaced fragments of the superior and inferior 
pubic rami, separation of the symph.vsis pubis, and dislocations of the sacro-iliac joint. 
Irritation, obstruction, or laceration of the urethra occurred in several cases, and on^ 
patient required suprapubic cystotomy. In all cases, the treatment of the urinaiy-tract; 
injury took precedence over any operative treatment of the skeletal injury. ^ 

Thrombosis of the Hemorrhoidal Veins 

In one patient (Case 21) with an extensive fracture of the left acetabulum, compli- 
cated by dislocation of the sacro-iliac joint on the same side, massive oedema of the rec- 
tum and anal orifice developed within a few days after the injury. This was more severe 
than in any case of hemorrhoids, and the patient had had no previous difficult}'’ of that 
sort. The oedema and swelling diminished after treatment with hot compresses and dis- 
appeared within three weeks, and no other attacks occurred in the ensuing two j'-ears. 
This complication of fracture-dislocation of the pelvis seems not to have been described 
previously. 

Thrombophlebitis 

The single patient (Case 23) in this series with severe thrombophlebitis was treated 
successfully with dicoumarin. This complication has been reported in fracture-dislocation' 
of the hip, but it is probably no more apt to occur in association with such injuries than 
with other fractures of the lower extremity. 

Sciatic Neuritis 

Four patients complained of severe pain over the lateral aspect of the lower extrem- 
ity. There was no motor weakness nor were there consi.stent changes in sensation in this 
area, but the pain persisted for several months. These cases were assumed to be instances 
of minor damage to the sciatic nerve, due to displaced rim fragments or to the dislocation 
of the head itself. Repeated neurological examinations are necessar}' to determine whether 
or not exploration of the sciatic nerve is advisable in such cases. 


rrrr: journal or bone and joi.vt surgery 



riiACTUUK-DISLOC.VTIOX OF THE HIP JOINT 


TIT 


Srialir-Xi ire Pcilsii 

P('rm;moiit (I:im;i"p to tlip sciatic nerve occurred in four cases in this series with dis- 
location-- irrcducihlc by closed manipulation (Table II), but in no simple dislocations’ 
or ca.-t's without comminution of the posterior rim. One patient had good motor function 
and sensation in his foot immediately after the accident, pain and foot-drop becoming 
ajiparont only after he had been transported in an ambulance for several hours. In another 
liaticnt. foot-drop developed after several hours of pain, radiating doum the e.xtremity, 
and one manipulation of the di-located hip. Peroneal palsy developed in two cases only 
tffter the hip was sidijected to a -ccond manipulation. Only one of the four patients had 
some return of function of the peroneal ner\-c. Three showed extreme atrophy of the ex- 
tremity. and still had complete paralysis of the extensors and evertors of the foot at the 
end of two years. In all four i-a-t as in patients with other forms of trauma to the sciatic 
t erve at the level of the hip joint, the peroneal portion, for some unknoum reason, seems 
r >re vulnerable than the remainder of the nerve. It is more commonly affected than the 
]u-terior tibial portion, and paralysis becomes apparent earlier after the trauma. 

The nerve was explored during open operation for an irreducible fracture-dislocation 
1 ally one instance (Case 24); but. from observations of the close relationship between 
t I'crve and the displaced rim fragments, it seemed remarkable that any of the cases 
\v commimitcd fractures of the posterior portion of the acetabulum escaped sciatic- 
n- ■ palsy. Neglected comminuted fractures of the posterior rim heal with the formation 
c>i i"U c deposits of new bone in the soft parts, and there are numerous descriptions of 
SI . u operations to free the ner\-e. Return of function, following injurr- to the sciatic 
1 . ■' • the region of the hip joint, is usually slow and incomplete. A number of cases 

h,i - - > n reported in which motor function improved over a period of eight years; the 

Aci T' -tendon reflex had not reappeared after ten years; and in some cases the percep- 
.-tive epicritic functions remained destroyed for even longer periods. 

The grave risk involved in injury to the sciatic nerr'e indicates that all dislocations 
‘ the hip. associated idth comminuted fractures of the acetabulum, should be reduced 
by primary open operation, manipulations being entirely avoided. Careful examination 
of emergency roentgenograms should pro^•ide enough information to determine whether 
or not the acetabulum is too distorted to receive the head of the femur, and whether open 
rather than closed manipulation is the procedure of choice. 

Ossification of the Joint Capsule 

In twelve cases of dislocation with rim fracture, two cases of dislocation with frac- 
ture of the femoral head, and two dislocations without fracture S the roentgenograms 
-howed new-bone formation in the posterior and superior portions of the capsule. Clini- 
callv, these patients showed only slight limitation of motion of the hip joint. Almost eveiy- 
one of the other cases in this series showed small deposits in either the femoral or acetabu- 
lar attachment of the capsule, but these had no detectable effect on the range of motion 
nf the joint. 

Synovitis 

Minor aches and pains, discomfort in inclement weather, clicking or snapping .-^en.-^a- 
tions in the joint, or severe pain when lifting heavy objects were complained of by some 
patients with ordinaiy dislocations ■' or with displaced fractures of the acetabulum and 
by almost all patients convalescing from fracture-dislocations. Many of these patients 
had a normal range of motion. Some had slight muscle spasm, but the roentgenograms 
showed flawless joint surfaces and no bone atrophy. These symptoms and findings are 
tentatively classified as being indicative of traumatic synovitis. This diagnosis is sulr- 
jtantiated by the fact that several of the patients later reported that their complaints had 
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TABLE III 

Fractures of Head of Femur with Posterior Dislocation of Hip Joint 

(Militart Personnel) 




Other 


Interval before 





Injuries of 


Weight-Bearing 



Case 


Ipsilateral X-ray 

Definitive 

Was Resumed 



No. 

Age 

Extremity Findings 

Treatment 

(Months) 

Complications 

Results 

24 

25 

Posterior dislo- Avulsion frac- 

Reduction ; 

12 

None 

Good. Mine 



cation of ture of infe- 

traction for 



pains occ) 



knee rior portion 

8 weeks 



sionally 



of head. 
Fragment at- 
tached to lig- 
amentum 







teres 





25 

25 

Slightlj'’ dis- 

Reduction ; 

6 

Severe trau- 

Fair; painfi 



placed, ex- 

traction for 


matic arthri- 

hip 



tensive, im- 
pacted frac- 
ture of entire 
head 

8 weeks 


tis 


26 

25 

Slightly dis- 

Arthrotomj’, 

6 

Severe trau- 

Fair; painfi 



placed, ex- 

anterior ilio- 


matic arthri- 

hip 



tensive im- 

femoral ap- 


tis 




pacted frac- 

proach. Re- 






ture of entire 

section of an- 






head. Infe- 

tero-inferior 






rior portion 

portion of 






impinged on 
anterior rim 
of acetabu- 
lum 

head 




27 

25 

Fracture of pa- Slightly dis- 

Skeletal trac- 

5 Moderate trau- 

Poor; seven 



tella placed, ex- 

tion for 8 


matic arthri- 

pain 



tensive, im- 
pacted frac- 
ture of entire 
head. Infe- 
rior portion 
impinged on 
anterior rim 
of acetabu- 
lum 

weeks 


tis 



disappeared between one and two years after the injury. Whether others with similar com- 
plaints will continue to have s 3 '-mptoms and whether traumatic arthritis will develop fiv« 
or ten years after the injury, it is impossible to say; but the literature contains no record 
of cases followed regularly for that length of time. 

Avascular Necrosis of the Head of the Femur 

Of twenty-seven fracture-dislocations in this series, and fifteen dislocations without 
gross fractures in a group reported previous^ avascular necrosis of the head of the 
femur developed in two cases. Case 15 showed increased density and necrosis of the supe- 
rior portion of the head, with a line of demarcation separating it from the living bone 
tissue of the head and neck. Case 18 showed nearly complete disintegration of the bony 
structure of the head. A review of the operative notes in these cases shows that in Case 15 
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Cli.irt prc.=enting a comparative analysis of the results, two or more vears after the original iniun- 
Tlic complete case record® and original roentgeno^ams were available in even- instance. The follow-up 
data consisted of: (1) numerous personal letters, giving detailed descriptions of the svmptoms and joint 
motion in twelve cases; (2) letters and roentgeno^ams from the patients or their familv phv.ricians in 
si\ ca'-cs; (3j detailed examinations bv Army or private physicians, including measurements of the joint 
range and repeated roentgenograms in fourteen cases; (4) personal examination of patients bv the au- 
thor in ten cases. The anatomical (.4), functional (F),and economic (E) rating was estimated from these 
data, and graded from I to 4, according to the method used on the Fracture Ser\-ice of the Massachusetts 
General Hospital. The proportion of patients available for follow-up was: with dislocation, 60 per cent ' 
with fracture-dislocation, 66 per cent.; with irreducible fracture-dPlocation, 87 per cent.; with fracture 
of the head of the femur, 100 per cent.; and with fracture of the acetabulum, 87 per cent. ’ 


a large blood clot was present in the retinaculum, at the margin of the articular cartilage 
of the head of the femur; and Case 18 demonstrated ecchymosis, new granulation tissue, 
and thickening of the entire posterior portion of the reflected capsule. These observations 
are evidence that ax'ascular necrosis is associated with thrombosis of either the retinac- 
ulum or the intertrochanteric branches of the medial femoral circumflex x-essels. Exten- 
six-e damage from traction and tearing of the capsule in the posterior intertrochanteric 
region, in experimental dislocations, has been described bx* earlx- xx-riters; and. a.® shoxx-n in 
roentgenograms, bj' the author in a prex-ious paper Txx'o cases of isolated fracture of the 
f femur in the same region, xx-ithout dislocation of the hip. xx'ere also reported to have been 
' folloxx-ed bx' avascular necrosis. 

The microscopic picture of ax'ascular necrosis has been described in detail in speci- 
mens from complicated cases of fracture of the neck of the femur, slipped epiphysi.®. di.®- 
location of the hip, and other types of injurx-, but the pathogenesis of the lesion is still 
incompletely understood. The clinical literature xvhich e.xplains the proce=s on the basis 
of injury of the inadequate blood supply and the results of experimental surgical studios in 
animals is x-ast and controx'crsial. The xvide scope of subject matter and the limited space 
in this paper do not permit a complete rex'iexx'. From a recent surx'ey of 13.5 papers pub- 
lished in the xvorld’s literature, the xvriter interprets the facts as folloxvs; fl) The blood 
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suppl.y to the superior portion of the head of tlie femur comes a long distance, through the 
reflected capsule, from numerous branches of the medial femoral circumflex vessels in 
the posterior and postcrosuperior aspects of the intertrochanteric region. (2) The patho- 
logical and roentgenographic apijcai-ance of avascular necrosis in man differs from necrosis 
of the head obsoi'ved in rabbits, dog.s, and goats after surgical cutting of all the arteries 
and veins which enter the hip joint. Collapse of bone structure occurs relatively early in 
man, in association with revascularization and replacement of the dead bone; this suggests 
that the arterial circulation or the venous return was interrupted only temporarily.- 
(3) Avascular necrosis of the hip has been described, not onlj"- after posterior dislocations, 
but also following one case of anterior dislocation and several cases of central fracture of 
the acetabulum with prolonged intrapelvic protrusion. (4) The incidence of avascular 
necrosis, following both fractures and dislocations of the hip joint, was estimated to be 
higher in children and adolescents than in adults; and the reason for this may lie in the 
larger and more vulnerable vascular network in the reflected capsule in children 

There are approximatel.y fifty well-documented cases of avascular necrosis in a total 
of 270 posterior dislocations recorded in the literature. The lesion was usually observed , 
between six and eighteen months after injury, and has never been reported as developing 
five or more years later, as supposed In'^ several writers. Serial roentgenograms have not 
been studied in a large enough group of consecutive cases to determine the true incic ence 
of avascular necrosis in adults. 

The present treatment of avascular necrosis of the head of the femur is unsati'sfac- 
tory for the patient and unpleasant for the surgeon. The diagnosis in this series of c ises, 
as in all the cases on record, was not established until six to twelve months after the in- 
juiy. Treatment, which consisted in restriction of full weight-bearing, began, therefore, 
after the roentgenograms had shown some damage to the articular surface of the femoral 
head. The lack of premonitory symptoms, the difficulties in early roentgenographic diag- V 
nosis, and the reluctance of young patients to use crutches under these circumstances, 
often lead the doctor to relax all restrictions. There is some doubt, however, that the de- 
formity of the head can be entirely prevented by abstinence from weight-bearing, or that 
"creeping replacement” can restore the joint structure in adults with avascular necrosis 
as effectively as in children with Legg-Calv<5-Perthes disease or in an occasional adult 
case of impacted fracture of the neck of the femur. In the two cases reported here and in 
one civilian case ^ which the author has followed closely, there was loss of the bone sub- 
stance of the superior articular surface of the head, although the patients claim to have 
used crutches faithfully. Hence, one is forced to assume that a certain amount of the ne- 
crotic bone is crushed, independently of weight-bearing, by the action of t. pelvifemoral 
muscles upon the head of the femur, similar to the effects in other ischaemic and destruc- 
tive lesions of the hip. It is also necessary to emphasize that early abstinence from weight- 
bearing will not prevent avascular necrosis, but that it only protects a necrotic head from 
distortion during its replacement by new bone. 

Traumatic Arthritis ; 

Degenerative joint changes, secondary to trauma, were observed in twelve cases of 
fracture-dislocation within two years after injury. This condition could not be differenti- 
ated clinically from traumatic synovitis or the early stages of avascular necrosis of the 
femoral head, but was established bj’’ the presence of roentgenographic features, suggest- 
ing abnormal wear and tear on defective joint surfaces. These consisted of irregularities 
in the articular surface opposite the defect on the injured side of the joint. In six such 
cases there were defects in the posterior rim of the acetabulum, due to unreduced frac- 
tures (Cases 8 and 9), to operative removal of fragments (Case 13), or to healed fractures 
of the head of the femur (Cases 25, 26, and 27). The patients complained of painful crepi- 
tations and clicking sensations, and they were uncomfortable when walking on stairs or 
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lifting heavy objects. IMorning stiffness, pain during inclement weather, and inabiliti' to 
stand for long periods without discomfort were also mentioned by some indiiriduals, but 
these symptoms were difficult to evaluate and were sometimes related to compensation. 

Within one year after injury', six patients with extensive fractures of the acetabu- 
lum complained of severe pain in the joint and showed increasing limitation of motion; 
their roentgenograms demonstrated irregidarities and subsequent loss of the entire joint 
space (Table II). These patients were immediate candidates for arthrodesis or mold arthro- 
plasty, the choice of operation depending upon the requirements of the individual patient. 

FOLLOAV-UP STUDIES .AFTER TWO VE.ARS 

The results in nineteen cases of fracture-dislocations of all tj-pes after tivo years 
(Tables I. II, and III) show that fractures of the articular surface, either of the rim of the 
acetabulum or of the head of the femur, may lead to serious disability when treated by con- 
servative methods alone. A comparative anah'sis of these cases and of a control series of 
nine cases of similar dislocations without fractures and fourteen similar fractures of the 
acetabulum without dislocations reveals the natural results of healing of these injuries 
and permits evaluation of current methods of operative treatment (Fig. 13). 

Dislocations without displacement of fragments or with minor fractures of the rim of 
the acetabulum showed results which, as might have been expected, were no different from 
the best or ivorst re.sults obseiwed in uncomplicated dislocations. Most of the patients, 
presumably because of scarification in the sj'novial membranes and the joint capsule, 
complained of aching pains, morning stiffness, and snapping of the hip. 

Reduced dislocations, with unreduced but significant fractures of the rim of the 
acetabulum remaining, were followed by degenerative changes in the joint. The late re- 
sults were usually only fair and were sometimes pooi‘, after surgical removal of the entire 
posterior rim. 

In fracture-dislocations in ivhich a single large fragment of the posterior or superior 
portion of the acetabulum could be replaced perfecth' with its capsular attachment in- 
tact, the results were excellent and were equal to the results of uncomplicated dislocation 
without fracture. 

In fractures of the head of the femur which distorted the shape of the head, slowly 
progressive degenerative changes appeared over a period of two years; but in three ca«es 
in this series the joint still showed a useful range of motion. One other patient, ivhose 
fracture was limited to the antero-inferior portion of the head, had practically normal 
function at the end of two years. 

Fractures of the rim of the acetabulum without dislocation, as reported preinously 
showed essentially the same results as in uncomplicated cases of fracture-dislocation. In 
both groups of cases, the integrity of the lunate acetabular cartilage and the rim of the 
acetabulum is the critical factor in the end results. In matched cases of fractures, treated 
consen'atiimly and by open operation, good function and little or no disability were shown 
when the joint surfaces were restored as perfeeth- as possible, but this could be accom- 
plished only by open reduction. Fractures of the anterior rim and certain tj-pes of central 
fractures of the acetabulum which, even when unreduced, do not involve a ■significant 
part of the acetabular cartilage, heal with little or no disability. Comminuted fracture.-' 
which disrupted the acetabulum, with or without dislocations, produced serious disabilit.v 
and required arthrodesis or arthroplasty in almost even.' case within two years. 

Ai'ascular necrosis of the femoral head occurred within two years in two patient^ with 
fracture-dislocation and in one uncomplicated dislocation in an adolescent boy. but in 
none of the patients with fracture of the acetabulum without dislocation of the head of 
the femur. Severe traumatic arthritis was present in at least twch'c additional ca--es of 
1 types listed here. 

These results are tentative. A longer follow-up period ivill be required to determine 
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TABLE IV 

Selected Fractuue-Dislocations of Hii> Joint 
AT THE Massachusetts General Hospital, 1933 to 1945 
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Findings at 
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25 

Largo single frag- 

Open reduction. 

Sciatic neuritis 

Excellent at end 



inenl of poslc- 

internal fixa- 


of 1 M years 



rior rim 

tion; posterior 
approach 



128308 

47 

Fracture of pa- Comminuted Traction 

Peroneal palsy 

Mold arthro- 
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39 

Comminuted Acctabuloplasty 

None 
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25 
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replacement of 
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tabulum; dis- 

large frag- 


after 6 years 



placement of 

ments; removal 





posterior rim 
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all the possible after-effects of these injuries upon the function of the hip joint. At the end 
of two years, however, the results in forty-two military cases correspond very closely to 
those in four similar fracture-dislocations (Table IV), seven dislocations, and seven frac- 
tures of the acetabulum «, studied by the author on the Fracture Service of the Massa- 
chusetts General Hospital. These results show that, except in fractures of the posterior 
rim treated early by primary open reduction and internal fixation, the nature and the 
magnitude of the traumatic lesion, rather than operative treatment, determine the final 
outcome. Whether the good results at the end of two years in this series will become poor 
results after ten years, because of degenerative changes in the joint, remains to be deter- 
mined by further investigation. 

SUMMARY AND CONCLUSIONS 

Of twenty-seven fracture-dislocations of the hip joint presented here, fifteen weie 
fractures of the posterior rim, eight were comminuted fractures of the acetabulum, and 
four were fractures of the head of the femur. Treatment was either conservative or by 
open operation. 

Results at the end of two j'^ears, in nineteen patients who could be followed, suggest 
the following conclusions: 

1. Fractures of the posterosuperior rim of the acetabulum with displacement should 
be repaired as carefully as any other fracture of a weight-bearing joint. 

2. Fractures of the posterior rim of the acetabulum, associated with dislocation of 
the hip, should be treated by cautious closed manipulation, followed by open reduction 
and internal fixation of the fracture through a posterior approach. 

3. Dislocation of the hip joint, associated with comminuted fracture of the acetabu- 
lum, should not be subjected to closed manipulation. The only safe and efficient method 
of treatment is primary open reduction, as soon as the patient is in fit condition for a 
major procedure. ^Vhen the goal of the operation is replacement of laige fiagments and 
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exploration of tlie sciatic nerve, the posterior approach is required; when replacement of 
the head of the femur and erasion of the joint surface in preparation for fusion are indi- 
cated, the anterior approach is advisable. 

4. Fractures of the head of the femur, except in cases in which it is necessarj' to 
reduce the size of the head or to excise the intra-articular fragments, are best treated bj’ 
conservative methods. 

5. Degenerative arthritis ma\' be e.xpected to occur in most cases in which the su- 
•erior or weight-bearing surface of the head or the superior rim of the acetabulum is de- 
fective, and in many cases in which fragments of cartilage and bone were not cleaned out 
of the joint by open operation. 

The diagnosis of avascular necrosis ma^' be disclosed a short time after the injurj* 
in cases in which early arthrotomy is indicated. Two patients in this series differed from 
thirteen others with fresh fractures in that gross hemorrhages were found in the retinac- 
ula and the reflected capsule of the hip joint at open operation. One year later, onlj' 
these two cases showed disintegration of the bone structure of the superior portion of the 
bead of the femur. These observations suggest that avascular necrosis originates in a 
traction injury- and in subsequent thrombosis of the articular branches of the medial divi- 
sion of the femoral circumflex vessels. 

Xote: This work was spon-^ored by Colonel Mather Cleveland, M.C., Senior Consultant in Orthopaedic 
Surgcri-, European Theater of Operations. The follow-up .studies were aided by Colonel Michael DeBakj-, 
M.C., i.urgieal Consultants Dinsion of the Office of the Surgeon General, and Colonel L. T. Petersen, M.C., 
Syrgeo i General’s Office. Colonel T. B. Quigley, Colonel D. J. Fourrier, Captain Lincoln Ries, and Captain 
V. Co\?ntrj- as.sisted in the treatment of the patients. The follow-up studies of the patients of theMa.=sa- 
chusetts General Hospital were made possible by Dr. Edwin F. Cave. Dr. M. X. Smith-Petersen kindly 
oftered valuable suggestions by overseas correspondence in several difficult cases. 
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INTRAMEDULLARY PINNING FOR ARTPIRODESIS OF THE KNEE JOINT 

BY GEORGE CIIAPCIIAB, M.D., UTRECHT, HOLLAND 
Fro?>i the Orthopaedic Section, Utrecht Surgical University Hospital,* Utrecht 

Intramedullary pinning of diaph 3 'soal fractures constitutes an important advance in 
surgical technique. It has opened many new possibilities in the treatment of fractures, 
especiall}'’ those resulting in pseudarthrosis or malunion. Tliis method can also be used in 
orthopaedic surgeiy for different purpose.s, one of which is arthrodesis of the knee joint. 

Before testing this technique, wc used different methods in arthrodesing knee joints. 
Each of these methods, even nail fixation, necessitated the use of a large plaster cast to 
complete the postoperative fixation. All of the methods had to be followed b}’- immobiliza- 
tion of the patient for a period of two or three months. It is true that the most modern 
technique, with the use of cancellous chips, can shorten the period of immobilization of the 
patient and give good osseous union of the joint. However, the period of uniting is too long, 
and the use of a plaster cast is necessary in most techniques. 

The disadvantages of a plaster-of-Paris cast are numerous. It does not prevent 
dislocation of the fragments. If used directlj'’ on the skin, the fixation will be good; but the 
danger of causing a decubitus ulcer is increased, and there is a possibility of circulatoiy 
troubles, as well as of paralj'^sis of the peroneal nerve. Postoperative swelling of the 
extremitj'' makes it impossible to use a narrow cast, so that, when the swelling has disap- 
peared, it is necessaiy to replace the cast bj’’ a new one, to ensure good fixation of the ends'.>^ 
Supervision of the wound healing under the covering plaster is not possible. It is necessaiy 
to remove the plaster, or at least part of it, to take out the sutures. This maj'' cause ^ 
dislocation of the fragments. 

A new method for arthrodesis of the knee was desirable to offset these disadvantages. 
It should shorten the period of treatment, give better fixation immediately after arthrode- 
sis, and make the use of a plaster cast unnecessary. 

Intramedullaiy pinning of the arthrodesed area of the knee joint is indeed able to 
give all these advantages. The fixation of the fragments obtained bj'- means of a long 
intramedullaiy pin, which enters into the femur and the tibia, is so stable that we are 
able to omit the plaster-of-Paris cast. The fixation b}’^ such a pin is so strong that it will 
even be possible to shorten the after-treatment to just the period necessar}'^ for healing 
of the operative wound. The primaiy stability achieved b.y this pinning is much better 
than that obtained by nailing the ends with different nails, because of the longer propor- 
tion and the better construction of the pin. In other methods where nails are used for 
fixation in arthrodesis, the}'^ are placed in the spongiose tissue of the cond.vles of the femur 
and of the tibia. This tissue is soft, so that the nails can change their position as a result, 
of slight trauma. The advantage of using the medullaiy pin in arthrodesis of the knee is 
that the pin is fixed in the hard cortex of the bone. Dislocation is then possible onlj'- b}'^ 
trauma sufficient to bend the pin or to break the bone. 

A further adA^antage of this method is the fact that we are able to take care of the 
other joints and the muscles of the extremity. During the patient’s rest in bed necessary 
to the healing of the AA'ound, massage and mobilization of the foot, ankle, and hip are 
commenced. This enables us to keep the patient fit, so that he will be able to walk From 
the veiy daj’’ he is allowed to leave his bed. The application of ph3'^siotherap3'’ minimizes 
the possibility of postoperative oedema and muscle atroph3L 
* Service of J. F. Nuboer, M.D. 
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OPERATIVE TECHNIQUE 


The operation is performed under general anaesthesia or epidural analgesia. An 
anterior approach to the knee is chosen. The straight incision of twenty-five to thirty 
centimeters (ten to twelve inches) runs on the ventral side of the thigh, over the patella 
to the tuberositas tibiae. By this incision, the femur is exposed and the joint is opened 
after excision of the patella. The ligaments of the knee are cut, and the surfaces of the 
joint are exposed by maximal flexion of the knee. The joint cartilage is removed by 



Fig 2-D 


Fig. 2-E 


Fig. 2-D: Shows stiiblc osseous union of the arthiodcsis in the right knee before removal of the pins 
(November 5, 1946). 

Fig. 2-E ; The right knee joint aftei removal of the pins (November 2.3, 1946). 
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GEORGE CHAPCHAL 


sis was performed in 20 degrees of flexion, as the patient Avas employed in an office and did 
his work sitting. As a general rule, the flexion of the arthrodesed knee will increase as the 
distance betAveen the knee and the hole, AAdiere the pin enters into the femur, is diminished. 

After-Treatment 

Excellent stability of an arthrodesis of the knee is obtained by a medullary pin, so 
that the use of a plaster cast is aAmidcd. It is sufficient to use a bandage on the AA^ound for 
ten to fourteen days. During this time the patient stays in bed. After the sutures have 
been removed, he is alloAved to leave his bed for increasing periods. Massage should be 
used for treatment of circulatory troubles, and to avoid postoperative oedema Avhen the 
patient gets up. After some da 5 ^s the patient is alloAved to leave the hospital; at that time 
he is given a plaster splint, to be used only Avhen Avalking, and to be taken off Avhen 
resting. Six Aveeks later the patient returns for a roentgenographic examination. He is 
ijJJoAved to j-asjjjne Avoj-k after three- or four more, according to his occupation. 

Use of Cancellous Chips 

To promote osseous union of the frag- 
ments, cancellous chips taken from the iliac 
bone are sometimes used. Thej'' are intro- 
duced into the joint before a stable union 
of the pieces has been caused by the medul- 
lary pin, and are fixed in the coagulum ob- 
tained by injecting a hemostatic prepara- 
tion into the hematoma caused in the joint 
bj’’ resection of the cartilaginous covering. 

The use of cancellous chips marks an 
important progress in orthopaedic surgery, 
and their strong osteogenetic poAA^er is able 
to produce a quick osseous union. 


Fig. 4-A 

Case 4. Preoperative roentgenogiams, show- 
ing destruetion of the knee after shell injur}'^ and 
septic arthritis (November 15, 1945). 


Fig. 4-C 

Fig. 4-B: Control roentgenograms (March 4, 
Fig. 4-C; Osseous union (.Sepfember 2.3, 1917). 




Fig. 4-B 
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INTU\MEDrEI,\ni PINS 

I'wo kiiuls of molhilliiry pins aro n^pii in tlip treatment of fractures, — thick straight 
pins for the femur and curved tliin ones for the repair of other bones. Case 1 ivas treated 
witli tliin curved pins, as useil for fractures of the tibia. Thei* were introduced from a 
separate incision on tlie ventral side of tlie leg. from the tibia, through the knee, into the 
femur. After a jieriod of rest, the patient wa^- allowed to walk. One knee, arthrodesed bj- a 
curved intramedullary pin, showed a favorable result. The other one did not show osseous 



Fio. 5- .A. 



Fir,. 5-B 

Fig. Case 5. Control roentgenograms 

(March 2S, 1947), showing arthrodesis by an in- 
tramedullarj- pin. Note that the knee is in about 
20 degrees of flexion. 

Fig. .5-B: Shows good osseous union after three 
month®. 

union, and consequently the pin broke (Fig. 
2-B). This experience suggested the use of 
stronger pins, introduced as described, from 
the incision used for the arthrodesis. 


The advantage of using a thicker intramedullar}' pin is clearly evident. It gives better 
stability and better fixation of the knee. A warning is necessar}' against the use of pins 
which are too weak. These pins usually bend when introduced into the medullar}' cax'ity. 
The wall of the pin should be at least two millimeters thick. The pin must be resistant, 
because in the first period it has to carry the whole weight of the patient and withstand 
all possible strains. 


Removing the Pin 

After a period of four to six months, the pin can be removed, if the arthrodesis of 
the joint is complete. A small incision in the old scar is sufificient to enable one to find the 
end of the pin and to remove it with the well-known instruments used for this purpose. 

difiiculties have arisen when this operation has been performed. It is done under local 
anaesthesia, and the patient is allowed to leave the hospital a few' days later. The sutures 
can be removed at a subsequent date. 

In some cases, the pins remained in situ for a long period of time without causing 
any reaction. When the pin was removed, no changes in bone tissue or in the pin were 
obserx'ed. It is possible, therefore, to allow' the pin to remain in place for more than six 
months, without any trouble occurring, if the patient asks for delay in removal. 


IndicatioJis for Use of a MeduUary Pin 

The question of w'hen to use a medullar}' pin is dependent only upon the indications 
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TABLE I 


Outline of Cases Reported 


Case 

No. 

Sex 

Age 

(Years) 

Knee 

Diagnosis 

Date of 
Operation 

Cancellous 

Chips 

Result 

1 

F. 

47 

Eight 

and 

left 

Ank 3 dosis after rheumatoid 
arthritis 

Right knee in 50, left knee 
in 60 degrees of flexion 

Fob. 9, 1946 
(Right) 

Fob. 23, 1946 
(Left) 

Not used 

Not used 

Right — good 

Left — pin broken 
before osseous 
union appeared 

2 

F. 

18 

Left 

Total paralj'sis of the limb 
after poliomj^elitis 

Apr. 2, 1946 

Not used 

Good 

3 

F. 

18 

Riglit 

Total paralj^sis of the limb 
after poliomj^elitis 

Juno 6, 1946 

Used 

Good 

4 

M. 

56 

Right 

Fibrous ankjdosis after shell 
injuiy; knee in 150 de- 
grees of flexion 

Jan. 8, 1947 

Used 

Good 

5 

M. 

54 

Left 

Painful fibrous ankjdosis; 
knee in flexion after 
rheumatoid arthritis 

Mar. 25, 1947 

Not used 

Good 

6 

F. 

73 

Left 

Fibrous ankjdosis after ar- 
throdesis for arthrosis 
deformans of the knee; 
extreme^ painful 

Maj^ 30, 1947 

Used 

Good 


for an arthrodesis of the knee. Of course, intramedullaiy pinning of the knee is not possible 
in case of inflammatory diseases of the joint, where arthrodesis of the knee is indicated. 
Here another technique has to be emplo^'^ed. All other cases are suitable for the use of 
intramedullary pinning, such as arthrodesing the knee for arthrosis deformans, creat- 
ing a stable limb through arthrodesis of the knee for a total infantile paralysis of the., 
lower limb, or correcting bony ankylosis of a knee joint united in a bad position, as after a 
shell injury or after gonitis. ’ 

All cases of incomplete union or of fibrous ankylosis of the knee joint should be 
treated by arthrodesis, an intramedullary pin being used, combined with cancellous chips. 

It does not seem advisable to pin the knees in growing children, although the author 
has had no personal experience with the method during this period of life. On the other 
hand, it is not necessary to wait until the epiphyses have closed. No growth difficulties 
were seen after pinning in patients eighteen years old. However, this operation should be 
performed in adults or at the end of the period of growth. 

KESULTS 

In all but one of the cases where intramedullary pinning of the knee was performed 
for arthrodesis, the results were favorable. No complications have been observed, except 
in Case 1, already mentioned, where the curved intramedullary pin, used in the tibia, 
broke because it was too thin. 

No important shortening of the leg Avas observed, because it Avas necessaiy to remoA^i; 
the cartilage of the joint onlj’- enough to get good union of the arthrodesis. The patients 
AA'ere permitted to moA’^e about early, and no difficulties arose. The fact that a post- 
operatNe plaster cast, so often the cause of circulatory trouble, could be aAmided, A\^as very 
satisfactoiy. The patients Avalked Avithout pain from the A^ery day thej'- Avere allowed to 
get up. After remoA^al of the pins, the stability of the knee and mobility of the patient 
Avere not affected. We may conclude, therefore, that this method of arthrodesing the knee 
giA'CS greater satisfaction than the methods formerly used. 

Intramedullary pinning for arthrodesis of the knee joint has been performed seven 
times on six patients (Table I). 
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tremity as the fracture of the talus. The fractures healed well and he walked without 
difficulty; but, after five and one-half months of treatment and observation, he had limita- 
tion of motion of the injured ankle, as compared with the normal. The second soldier had 
an inversion fracture-dislocation of the ankle, the medial malleolus having been fractured 
longitudinally, the fibula transversel}^, and the talus through the body. The entire foot 
and ankle were displaced, so that the talus lay at the medial side of the tibia. The talar 
fragments were in normal relation to each other and maintained their ligamentous attach- 
ments to the rest of the foot. The talus healed well, but, in spite of accurate open reduction 
and internal fixation of the medial malleolar fragment with a Vitallium screw, this fracture 
failed to heal and caused considerable disabilit3^ 

Fractures of the ax'ticular surfaces and the posterior tubercle of the talus were not 
very frequent and ordinarily caused no trouble. The medial articular surface was fractured 
once in this series, the lateral articular surface (Fig. 5) five times, and the posterior tubercle 
(Fig. 3) twice. These injuries were incurred in various waj'^s, but the characteristic histoi’ 3 '’ 
was that the ankle had been twisted in a bad landing from a parachute jump or when 
jumping obstacles. Some of the men described the twist as being in inversion, but most 
were uncertain as to the exact direction of the twisting force. Immobilization in a plaster- 
of-Paris boot for three or four weeks produced healing in all but one of these patients, and 
they Avere able to return to dut}’’ Axothin tAvo months after their injuries. The patient aa'Iio 
did not folloAv the usual course had a comminuted fracture of the lateral articular surface, 
AAoth a transAmrse fracture of the medial malleolus of the same ankle. The talar fragments 
Avere in good position, but the malleolar fragment Avas displaced, so that open reduction 
and fixation Avith a Vitallium screAv AA-ere done. Although the reduction AA^as good and heal- 
ing of the fractures Avas equally good, the functional result aa'rs not entirely satisfactoiy. 
At four and one-half months the patient could AAmlk four to five miles daily, but he had 
some pain AAdien doing so; and, AAffien he tried to run, he lacked poAA'er in the “push-off". The 
range of ankle-joint motion AA'as slightly limited at that time. 

Although Ave have no data as to the outcome in this case, the roentgenographic picture 
is interesting enough to AAmri'ant its inclusion in this survey (Fig. 6). While doing a rope 
climb, this patient fell about tAvent}'' feet and injured his ankle. The roentgenograms 
shoAved a chip fracture of the lateral and the superior articular surfaces of the talus. 
There Avas also some instability of the talus, as shoA\m bj’’ a lateral tilt, but further discus- 
sion of the instability does not pertain to this report. If this fracture had failed to heal 
and the fragment had become sclerotic, it might be difficult to distinguish it from osteo- 
chondritis dissecans of the superior articular surface of the talus (Fig. 7). Unfortunately, 
this patient aa'rs lost sight of, and the final result is not knoAAm. 

The presence of displaced bone fragments from the superior articular surface of the 
talus did not necessarilj'- indicate a poor prognosis. Tavo patients AA^ere seen in AAffiom this 
problem presented itself. The exact mechanism of the injuiy AA^as not knoAvn, but one 
patient struck his foot on the rim of a jeep, from Avhich he AA^as throAAm in an accident. The 
talus AAms fractured transversely across the body, and the major fragments remained in 
perfect alignment (Fig. 8). .HoAA’ever, a large rectangular flap of articular cartilage and\, 
subchondral bone aa^s pried up from the superior articular surface of the distal fragment. 
Closed manipulation AA-as unsuccessful in reducing this fragment; and six da 3 '^s later an 
incision AA-as made, the fragment AA'as replaced, and the foot AA-as dorsiflexed until the frag- 
ment passed beneath the anterior margin of the distal articular surface of the tibia. This 
held the fragment in position, and a plaster boot A\'as applied for tAA'o months after opera- 
tion. Further conA-alescence AA-as uneA^entful. Six months after the injury, this man re- 
ported that he AA-as doing a full daA^’s AA-ork at hard, manual labor, and that he had Avalked 
as far as tAA'cntA--fiA-e miles in a single day AA'ithout difficult3^ Examination at that time 
shoAA-ed the ankle to be normal in all respects. There AA-as no SAA-elling and no limitation of 
motion. 
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Tlu' otlior patient had a t Tali'. vei>e fraetiirc of the body of the talus, but the distal 
fragment and the foot were di-.located di'.taily and medially. IVhen the displacement was 
reduced, a triangular fragment in-ojected from the superior articular surface (Fig. 9). 
1 his framnent from the fracture site wa^ "-o placed that the projection would have un- 
doubtedly blocked dor.'iflexion of the ankle, had it been permitted to heal in that position. 
Therefore, a month after the injury, the fragment was removed, and immobilization was 
continued for an adtiitional two month'-. Five and one-half months after the injurj', the 
patient had no complaints when participating in moderately strenuous activities. He had a 
y ' complete range of motion, with no pain on motion of the ankle when he was not bearing 
weight; but there was slight soft-ti'-^iie thickening about the ankle, and running caused 
some pain. This experience indicated that it was best to replace dislocated fragments when 
possible. These fragments can heal, and, while there is danger of aseptic necrosis, it is not 
ine\ntable and the risk is worth taking. In each case, inspection of the joint at operation 
showed that the surface area of the articular cartilage covering the displaced bone frag- 
ment was larger than the surface area of subchondral bone, seen in the roentgenogram. 
The additional cartilage was avulsed with the portion attached to the bone fragment. 

Eight patients had fractures through the body, close to its juncture with the neck, in 
which the major fragments were di.splaced or in poor alignment. In five patients the distal 
fragment was displaced with the rest of the foot, thereby causing a dislocation of the 
posterior portion of the subtalar 

joint. None of these five could dc- “ — __ - - — 

scribe accuratelv the exact mecha- , 


nism of injury, although all had been 
injured in hard parachute landings 
on irregular ground (Fig. 10-.\). The 
body of the talus remained within 
the ankle mortise and was rotated 
downward in equinus; the distal 
fragment and the foot were displaced 
distally, sometimes medially, and the 
superior articular surface of the distal 
fragment was usualh' elevated above 
the superior articular surface of the 
proximal fragment, indicating that 
the fracture was due to dorsiflexion. 





Fig. lO-.A 

Characteristic displacement of the posterior subtalar 
joint, with fracture of the body of the talus. 



Fig. 10-B Fig. IO-C 


Fig. 10-B: Prominence of superior articular surface at the level of the fracture, which blocks dorsiflexion. 
This is not due to compression of the proximal fragment, but to inadequate reduction of the dinal fragment. 

Fig. 10-C: Oblique %dew of the same patient distorts the contour of the talus, and does not clearly ‘^how the 
prominence of the superior surface of the distal fragment. 
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1 lio (iisplacf'niont coiilfl be rccliicctl by clo'-ed manipulation. General or spinal anaes- 
the.-jia was used. The knee joint was (lexetl to !10 deforces: the foot was held in equinus; and 
iraetion Ava.s o.\-erted I)y prasping bofli the heel and the fore part of the foot, counter- 
traetion being maintained under tlic tliigh. During this manoeuvre, pressure was exerted 
witli tiie tliumb on the sole of the foot at the level of the displacement, in an attempt to 
lever the fragments into position. Following the manipulation, a plaster boot was applied 
with the foot in the neutral po.dtion or in .diglit equinus. atson-Jones has advocated 
that the foot be kept in equinus to prevent recurrence of the displacement. However, 
once properly reduced, the fragments are stable and no ill effects were noted that could 
J be attributed to the position of the foot in plaster. With the foot in the neutral position, 
ultimate rehabilitation was speeded considerably. When the fragments were replaced, 
they united readily during immobilization in a plaster boot for ten to twelve weeks, and 
in no case did aseptic necrosis appear. 

Although, in other locations, slight displacement of the fragments ma}- be of little 
consequence, in the talus it may be the source of very serious disability. In one case 
(Fig. 10-B), the reduction was incomplete, and the superior articular surface of the distal 
fragment was permitted to project only slightly above that of the proximal fragment. 
However, it was enough to abut against the anterior margin of the distal articular surface 
of the tibia, and the foot could not be brought into complete dorsiflexion because of the 
bone block. This case called to our attention the absolute necessity of taking at least one 
true lateral projection of the roentgenogram. An oblique view (Fig. 10-C) failed to demon- 
strate the displacement, and it was missed until six weeks after the fracture, when true 
lateral views were taken. In one case (Fig. 11), the upward displacement was so slight that 
the distal fragment did not interfere with dorsifle.xion ; and in another (Fig. 12), with 
minimal downward displacement of the distal fragment, healing and function were ex- 
cellent. In summarj', it can be said that a good result can be e.xpected in this t}'pe of frac- 
tore if the fragments are accurately replaced. 

The cases that did most poorly were three patients who had transverse fractures of 
the body of the talus, in which the proximal fragment was displaced posteriorh' behind 
the tibia (Fig. 13). The displaced fragment was rotated 90 degrees, so that it lay at right 
angles to its usual position, with the fractured surface facing laterallj' and the posterior 
tubercle facing medially. .A.11 the patients described their injuries as being of such a nature 
that the force of the trauma was applied to the plantar surface of the fore part of the foot, 
bringing it into marked dorsiflexion. In this manner the anterior lip of the tibia acted as 
a wedge, across which the talus was fractured close to the juncture of its neck and body 
(Fig. 15). As dorsiflexion continued, dislocation occurred in the posterior portion of the 
subtalar joint; the heel was displaced forward; the posterior capsule of the ankle joint was 
ruptured; and, according to Watson-Jones, the sustentaculum tali passed under the 
medial tubercle of the talus. UTien dorsiflexion stopped and the foot returned to the 
neutral or equinus position, the medial tubercle was caught behind the sustentaculum tali, 
and the bod 3 '- of the talus was pushed posteriorh' into the space behind the tibia, between 
, the tendons of the flexor hallucis longus and the flexor digitorum longus, as demonstrated 
bj' Gibson and Inkster. This displacement was particularh' diflScult to reduce. 

Watson-Jones reported a technique of reduction of these fractures bj' closed manipu- 
lation. The calcaneus is distracted from the tibia b 3 ' traction on the calcaneus, with the 
foot in equinus. The proximal fragment is then replaced b 3 ' the exertion of pressure with 
the fingers. If this is inadequate, a metal pin is used to manipulate the fragment into 
position. We were unsuccessful in our attempts to reduce these fractures b 3 ' closed means, 
and did not use the pin method, because it was felt that the pin would cause additional 
injur 3 ' to the alread 3 ' damaged articular cartilage. Operation was then performed to re- 
place the fragment. An incision was made on the lateral aspect of the ankle, and. even 
with the joint exposed, it was difficult to replace the fragment. The heel had to be distracted 
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from the tibia by traction. In some cases manual traction was insufficient, and a bone 
hook had to be applied to the dorsum of the calcaneus. If the bone hook does not provide 
enough traction, a Kirschner wire in the calcaneus can be used. After reduction, the joint 
was inspected, and all free fragments were removed or replaced. Although screw fixation, 
from the outer surface of the distal portion of the neck into the body of the talus, was 
used in the earlier cases, it was found to be unnecessary, and no displacement occurred 
when it was not used. Because subtalar motion was subsequently impaired and the 
roentgenograms showed narronong of the subtalar joint in all these cases, we now believe, 
with Schrock and Miller, that a subtalar fusion should be combined with the open reduce 
tion. This would stabilize the joint to eliminate a source of disability, and would also 
provide an additional source of circulation to the portion of the talus that is most likely 
to undergo aseptic necrosis. In the cases described here, when aseptic necrosis occurred, 
weight-bearing Avas not permitted until reossification had taken place. 

In spite of accurate open reduction, the end results in these three cases Avere bad. 
One patient (Fig. 14-A) had a badl.y comminuted fracture of the medial malleolus, in 
addition to the fracture-dislocation of the talus. The outlook from the beginning AA^as 



Fig. 15 Fig. 16 

Fig. 15: Lateial view of a normal ankle, the patient beaiing weight with the foot doisifle-\ed,’'to 
demonstrate the mechanism of fractures of the body and neck of the talu=. 

Fig. 16; Si\ months after open leduction of a fractuie of the talus with posteiior dislocation of the 
body. There is increased density of the bod 3 ^ as compaied A\ith the neck and head and the posteiioi 
tubercle. The fracture is healed. 



Fig. 17 Fig. IS 

Fig 17: Traumatic arthritis of the ankle after fracture of the talus. 

Fig IS: Late result after astragaloctomj' for fracture-dislocation of the talu'^ The functional result 
a.as poor. (Thi« roentgenogram vas made av'ailable through the courtesy' of Leo Ma 3 'cr, M.D.) 
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iinfavoniblo. ami iirimary arthrodesis should have been carried out. The talus was accu- 
rately reduced by oireration: the medial malleolus was not. Necrosis developed in the 
proximal fraiiment, ilue to circulatory deticiency, and a wound infection was superimposed 
on this. I’he wound continued to drain, and much of the superior articular surface of the 
talus became setiuestrated (I'ifi. 14-B). Ten months after reduction, the necrotic bone was 
removed and arthrodesis was performed. The second patient did not have so great a 
degree of asej)tic necrosis (Fig. If)) : but six months after his injury he still had pain, swell- 
ing. and considerable limitation of ankle and subtalar motion. He will undoubtedly need 
an arthrodesis at a later date. In tlie third case, the proximal fragment was displaced 
medially between the tendons of the flexor hallucis longus and the flexor digitorum longus 
(Fig. 13). Tlic ju-essure on the tendons caused plantar flexion of the toes. At operation, 
through a medial ai^iiroach. it was seen that the posterior tibial vessels and nerve had 
been pressed against, but had not been interrupted. After the operation, the patient lost 
sensation in the entire sole of the foot and inner aspect of the ankle, and the intrinsic 
muscles of the foot were paralyzed. In the year following his injury, sensation gradually 
returned to the sole of the foot. leaving only a small anaesthetic area under the heel and 
on the mecifaf sicfc of the nnkle. Same sfrengfh had also returned to the intrinsic rausc/es 
of the foot. Aseptic necrosis of the body of the talus also developed in this patient; this 
condition had partially healed at the end of a year (Figs. 1-A and 1-B). In a letter received 
a year and a half after his injury, this patient stated that he still had swelling, pain, and 
limitation of motion sufficient to make him limp. ^Vnkle fusion will probably be necessarj’- 
at some future date. 

The procedure of arthrodesis of the ankle joint was not done as a primary opera- 
tion in this series. We now believe that, when a fracture causes such distortion of the com- 
ponent bones of the joint that accurate alignment cannot be restored, the joint should be 
arthrodesed at the first operation. If treatment has been unsuccessful, the talus has be- 
come misshapen, and hypertrophic changes have developed in the ankle joint (Fig. 17), 
the only treatment available that offers hope of a painless and stable ankle is arthrodesis. 

No astragalectomies were done in this series. The operation has been recommended 
by Graham and Faulkner for badly displaced and comminuted fractures of the talus, but 
it does not offer the same assurance of a good result that arthrodesis does. Although motion 
may exist in an astragalectomized joint, the joint is usually painful and unable to with- 
stand hea^w work (Fig. IS). The patients reported to have been helped by astragalectomy 
following trauma were usualh' those in whom ankylosis supervened. 

SUXIJI.XRY 

1. The circulation to the talus is deficient, but clinical evidence would indicate that 
the blood supply enters through the many ligamentous attachments of the talus, and not 
solely through the articular branch from the dorsalis pedis artery, which enters the 
superolateral aspect of the neck of the talus. 

2. In fractures without displacement, whether of the bodj- or of one of the articular 
surfaces or processes, the prognosis is good. Aseptic necrosis did not develop in these cases 
and, after adequate immobilization in a plaster boot, complete function was restored. 

3. When the fracture is comminuted and a fragment is displaced in such a manner 
that it will interfere with motion, the fragment must be removed or replaced. Replacement 
is preferable for, if the fragment unites, the result Is likely to be better. 

4. Displaced fragments must be reduced accurately. IMien there has been a partial 
forward displacement of the posterior portion of the subtalar joint, closed reduction is 
feasible and usually successful. It is extremely important that the reduction be checked 
by a tnie lateral roentgenogram, to determine whether or not the superior articular surface 
of the talus is in satisfactory alignment. With adequate immobilization and accurate re- 
duction, there is every likelihood of a good result without aseptic necrosis. 
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5. When the dislocation was complete and the talai’ body was displaced behind the 
tibia, attempts at closed reduction were unsuccessful in our hands. In spite of accurate 
open reduction, the results were poor. Aseptic necrosis appeared in all three of these cases. 
Subtalar arthrodesis should be done at the time of open reduction. This will stabilize the 
damaged joint and will increase the circulation to the proximal fragment. If there is an 
associated fracture of the medial malleolus, or so much destruction of articular cartilage 
that the prospect of a good result is poor, arthrodesis of the ankle joint should be done at 
the first operation. 

Note; This work was done on the Orthopaedic Section of the Army Service Forces Regional Hospital, 
Fort Henning, Georgia, Colonel Ohauncey E. Dovcll, commanding. The author wishes to express his appreci- 
ation to Major Roy Ciccone and the other members of the Orthopaedic Section for their help in treating 
and observing these patients, to Colonel E. R. Bowie and the X-ray Department for their splendid coopera- 
tion, and to the Army Field Printing Plant at Fort Henning for many of the reproductions. 
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A STUDY TO DETEimiNE THE ANGLE OF ANTEVERSION 
OF THE NECK OF THE FEMUR 

nv PAUL C. KIXGPLny. M.D., AXD K. L. OLMSTED, M.D., AXX ARBOR, MICHIGAX 


/'rom the Ditiiwn nf Orthopaedic Surgery, Department of Surgery, 
['uneriity of ffichtgan School of ifedteine, Ann Arbor 


This study was initiated to determine, if possible, the true angle of anteversion of 
the neck of the femur. In the past there has been a wide difference of opinion as to this 
measurement, and more recently Campbell stated that, normalh', anteversion of approxi- 
mately 25 degrees occurs. The authors believe this figure to be far greater than the 
average. Anteversion is a very important factor in the etiolog}' of congenital dislocation 
of the hip. and it is hoped that this study maj- aid in further research on this subject. 

In the foetus, during the first half of pregnancj', the axis of the neck of the femur 
and that of the shaft lie in parallel planes; thus, during this stage of development, the 
angle of anteversion is 0 degrees. At birth, a torsion of the neck on the shaft has taken place 
which, according to Le Damany, is from 30 to 50 degrees. This marked increase in torsion 
is attributed to the fact that, during the second half of pregnancy, acute flexion of the 
hip takes place; and there is difficulty in its adjustment within the uterine ca\'ity. The 
pressure of the uterine muscles against the flexed thigh produces a force of internal 
rotation on the femoral shaft, causing anteversion of the femoral neck. After birth, be- 
cause of extrinsic factors such as muscle pull and capsular restriction, the anteversion 
is partially rectified, to the extent of about 15 to 30 degrees. Le Damanj- believed that, 
at birth, anteversion of the neck of the femur was normally found to a high degree, this 
\ being somewhere between 30 and 50 degrees; and that during childhood this angle gradu- 
ally diminished, until in the average adult it had decreased to 12 degrees. 

In studjdng this problem, the authors ha%'e attempted to find the average angle of 
anteversion of both the adult and the infant femora, to discover what variations exist 
between the right and the left femora, and to evaluate any marked variations in the angle 
of anteversion of the femur in the two sexes. This stud 3 ' was carried out in the Anatomical 
Laboratories of the Universitj" of Michigan, where drj- anatomical specimens were 
measured. Measurements were taken on 630 indi\-idual adult femora, fort\-five known 
pairs of adult femora, and thirtj'-two pairs of femora of infants and children of knoum 
age.* 

The angle of anteversion of the neck of the femur varies through a wide range, thus 
making it extremely difficult to determine just what can be considered normal. Testut 
states that Broca found this variation to be from 2 degrees to 38 degrees; since that time, 
others have found it to range from 25 to 41 degrees. The mean average, according to 
various authors ranges from 11.9 to 25 degrees. 

The authors’ series of measurements of 630 femora show this same wide range of 
/ variation. In the adult femur, the minimum angle found was minus 20 degrees and the 
maximum was 38 degrees, while in the foetal and infant femora the range was between 
minus 10 degrees in a five-months’ foetus and 64 degrees in one stillborn foetus. 

Various methods have been used bj’ each investigator to determine this angle, and 
for this reason it is difficult to compare the findings in our series with those of others: 
but the authors feel that sources of error are present in the methods preHousl.v u=cd, 
which account for the wide variations given for the mean average angle ^ 

We feel that the angle of anteversion is that formed bj- the juncture of two planes. — 


* The authors are greatly indebted to Rollo E. McCotter, M.D., Director of the .Anatomical I.aborato.'y, 
whose willing cooperation and helpful suggestions have made this study possible. 
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one i)fissing tlirough t he long axis of the shaft of the femur, and tlic otlicr passing through 
the long axis of t.he neck of the hone as viewed from above. The following is the method 
used to determine t his angle: T'he femur was placed on a smooth, level, horizontal surface, 
so that it. rested on t.hree points, — namely, the posterior aspects of the .two femoral 
condjdcs and t he posterior asi)cct of the greater trochanter. The angle of obliquity of the 


shaft was disregarded, because this is nor 



Fig. 1-B 


The three positions of tlie height gauge show 
were determined. 


malljr extremely small; and it has previously 
been shown " that, in disregarding tliis angle, 
an eri’or of only 0.2 degree will result in the 
determination of the angle of anteversion. 
Therefore, the authors felt justified in ignor- 
ing the angle of obliquity in this study. 

The greatest difficulty encountered was 
in the determination of the true longitudinal 
axis of the neck of the femur. It was felt that 
the head of the femur could not enter into 
this determination, as Pearson and Bell im- 
pty in their term “capito-collar” axis, be- 
cause of the fact that the head is not centered 
on the neck of the femur. In this study the 
head was found to be displaced, either an- 
teriorly or posteriorly, in 68.7 per cent, of all 
femora. This was determined by actual meas- 
urements; therefore, we did not use any 
point on the head to aid in deterrnining the 
axis of the neck, as had been done previously^ 
by Pearson and Bell and by Parsons. 

The authors felt that if the exact center 



Fig. 1-C 


I’ the exact center points, on the nock of the femur, 
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Protractor in position to read angle of anteversion. 


of the neck, between its anterior and posterior surfaces, could be determined at two 
different points on the neck, as viewed from above, a line connecting these two points 
would give the true long axis of the neck. If this line were then continued to the surface 
supporting the bone, an angle would be formed; and it was felt that this presented the 
true angle of anteversion. 

Difficulty was encountered with those femora showing a reverse angle, or an angle 
of retroversion, owing to the fact that they rested on the posterior aspect of the two 
condyles and the head, rather than on the posterior surface of the greater trochanter. There- 
fore, it was neces^arj' to elevate the bone on two small, smooth blocks, one centimeter in 
thickness; one was placed beneath the condyles and the other beneath the greater tro- 
chanter. thus allowing the head, in the case of a reverse angle, to lie actuaUj' below the 
level of the supporting surface of the femur. It was noted occasionally that the bone would 
rest on the lesser trochanter rather than on the greater trochanter; but, bj' shifting the 
block slighth', it was still possible to make the greater trochanter the proximal supporting 
point of the bone. 

The two center points on the neck, between its anterior and posterior surfaces, were 
determined by the use of a height gauge (Figs. 1-A, 1-B, and 1-C). The vertical rod which 
held the pointer and millimeter scale was fastened to its base bj- means of a bolt. Thus 
this rod was movable; it could always be set perpendicularly to the longitudinal axis of 
the neck of the femur and a true reading obtained. The millimeter scale was fastened to 
the pointer, which was free to slide up and down on the vertical rod, and thus a direct 
reading could be made from a fixed point on the rod. Two points were marked on the neck 
of the femur — one distally and the other proximalh' — and, mth the height gauge, two 
readings were made at each of the two selected points. The readings were taken, one at the 
posterior surface and the other at the anterior surface of the neck; by subtracting one 
reading from the other, the anteroposterior diameter of the neck at that given point 
was determined in millimeters. Exactlj' one-half of this diameter was determined, and the 
height gauge was set at this figure; thus was obtained the true center of the neck in its 
anteroposterior diameter at that given point. The procedure was repeated at the second 
selected point on the neck, and the center at that point was obtained. These two points 
were carefulh^ marked on the femoral neck. 

A protractor (Fig. 2) was de\-ised, by which the angle of anteversion could be read 
directly, after the two center points of the neck had been determined. A transparent 
celluloid protractor was mounted on a base, so that it would read from the same heiglit 
as that of the blocks upon which the femur rested. A long metal arm was attached at the 
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TABLE I 

Mean Average Angles of Anteversion for 630 Adult Femora 



Left 

(Degrees) 

Right 

(Degrees) 

Average 

(Degrees) 



M ale Femora 


Mean 

7.42 

8.42 

7.94 

Range 

-17 to 31 

-15 to .33.5 

-17 to 33.5 



Female Femora 


Mean 

7.5.3 

8.71 

8.11 

Range 

-14.5 to 38 

-20 to 30 

-20 to 38 


Talfil Mala and Fernale Femora 

Mean 

7.47 

8.54 

8.021 

Range 

-17 to 38 

—20 to 33.5 

-20 to 38 


center point of the base of the protractor, and this arm served to connect the two center 
points, marked on the neck of the femur- The angle thus formed (Fig. 2) was considered 
to be the true angle of anteversion and was read directly from the protractor, the eye being 
on a level with the axis of the neck. 

Six hundred and thirty femora were studied, and the angle of anteversion was meas- 
ured. In this study, as in those of the past, there was found to be a very wide range for this 
angle, but the average was determined to be 8.021 degrees. An attempt was made to 
classify the specimens according to sex, but, because no previous record concerning thA, 
specimens was available, it was possible to classify them only as to male and female types. ^ 
The female type was considered to be that in which the entire bone was smaller,— the diame-^’' 
ter of the head was small, the muscle attachments were less prominent, and the bone was 
lighter in weight. A further classification was made by separating the specimens into right 
and left femora, in order to determine whether or not some variation would be shown in 
the opposite femora of known pairs. 

Three hundred and eighty femora of the male type were measured, and, of these, 184 
“lefts” showed an average angle of anteversion of 7.422 degrees. The 196 “rights” showed 


TABLE II 

Mean Average Angles of Anteversion for Thirty Infant Femora 



Left 

Right 

Average 


(Degrees) 

(Degrees) 

(Degrees) 



Male Femora 


Mean 

24.3 

20.9 

22.6 

Range 

— 5 to 45 

-10 to 39 

— 10 to 45 



Female Fcmo~a 


Mean 

25.3 

27.1 

26.2 

Range 

— 6 to 64 

-6 to 45 

— 6 to 64 



Tol(d of Male and Female Femora 


Mean 

24. S 

24.0 

24.4 

Range 

- 10 to -IS 

-6 to 64 

-10-to 64 
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Ml An(.i.i ' <)> Anti \i p.^iun in TimiTi-foun Fe\iou\ of Ciiildrf.n * 


(Drnrir^i 


Higlit 

(Dearer^) 


Average 

[Degreea) 


Mean lf> 1 17 9 17 2 

llance — 1 o to oS 0 o to 33 —4 5 to 38 


* Tlie age-- ranged from 2 to lA \ear-- 


this angle to average S.423 ciegree^. Two hundred and fifty specimens comprised the group 
of the female type. Of this group, I2l were lefts and the average angle was found to be 
7..549 degrees, while in the group of 129 rights it uas 8.707 degrees. Of the total specimens 
of the male type, the average angle was 7.93S degrees, whereas this angle in the entire 
group of the female type was S.107 degrees. Taking into consideration the entire group, 
composed of both male and female types, we found that in 305 lefts the angle was 7.472 
degrees, while in 325 rights it was S.53G degrees. Thus the right femur has a slightly greater 
angle of anteversion than that seen in the left, and in the female tj-pe this angle is slightly 
greater than in the male (Table I). 

In infants and children the angle of anteversion is much greater because, as stated 
pre\-iously. at birth a high degree of anteversion is normally seen in the femoral neck, due 
to the position attained by the foetus in utero, a condition which is gradualh* rectified dur- 
ing childhood. The present series of fifteen pairs of infant femora is small, but nevertheless 
does bear out this fact (Table II). The left femur of the male had an average angle of 24.3 
degrees; the average for the rights was 20.9 degrees; and the average for all was 22.6 de- 
r grees. In the female group the lefts averaged 25.3 degrees; the rights averaged 27.1 de- 
' grees; and the average angle for the group was 26.2 degrees. The average angle of ante- 
version for the entire group of thirty infant femora was 24.4 degrees. 

Pairs of femora from children of known age were ne.xt studied, the ages ranging be- 
tween two and fifteen years. Some of the specimens in this group were not labeled as to 
sex, and, because it is verj' difficult to differentiate the femora anatomically at an early 
age as to sex, this classification was not made. Of the femora of this age group (Table III), 


TABLE IV 

R\nge of Angle of Ante\’er«jion for 630 Femora. 


-Angle of 
Anteversion 
(Degrees) 

Male 

Female 



Left 


Right 

Left 

Right 

Total 
Per cent. 

(A’o ) 

(per cent ) 

(iVo ) 

(Per cent ) 

(A’o ) 

(Per centJ 

(Xo ) 

(Per cent.) 

—20 to —15 5 

1 

0 

15 

0 

0 

0 

0 

2 

0 3 

0 5 

— 15 to —10 5 

2 

0 

3 

4 

0.6 

4 

0 6 

2 

0 3 

1 9 

— 10 to —5 5 

9 

1 

4 

S 

1 3 

6 

1 0 

3 

0 5 

4 1 

—5 to —0 5 

17 

2 

7 

17 

2 7 

10 

1 6 

S 

1 3 

S 3 

0 to 5 

35 

5 

6 

42 

6 7 

24 

3 S 

27 

4 3 

20 3 

5 5 to 10 

57 

9 

0 

43 

6 S 

37 

5 9 

32 

5 1 

26 S 

10 5 to 15 

34 

5 

4 

37 

5 9 

22 

3.5 

2S 

4 4 

19 2 

15.5 to 20 

17 

2 

7 

31 

4 9 

10 

1.6 

14 

2 2 

11 4 

20 5 to 25 

S 

1 

3 

10 

1 6 

5 

0 S 

9 

1 4 

5 1 

25 5 to 30 

3 

0 

5 

3 

0 5 

2 

0.3 

4 

0 6 

1 9 

30 5 to 3S 

1 

0 

15 

1 

0 15 

1 

0.15 

0 

0 

0 5 
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the thirteen lefts showed an average angle of anteversion of 16.4 degrees, while the thirteen 
rights averaged 17.9 degrees; the total average was 17.2 degrees. This, likewise, is a small 
series, but it shows well that during childhood the angle of anteversion is gradually de- 
creasing from the large angle seen at birth to the relativel}’’ small one seen in the adult. 

Table IV shows the range of the angle of anteversion for the entire series of 630 
adult femora measured. It shows that more than one in four have anteversion, ranging 
between 5.5 and 10 degrees, and that 66.3 per cent, of all those measured showed ante- 
version between 0 and 15 degrees. The average angle of 8.021 degrees, found in this study, 
is distinctly less than that observed by anyone previously. We believe that any angle 
greater than this is approaching an abnormal degree of anteversion, and that anything 
beyond 15 degrees must be considered pathological in the adult. One hundred and nineteen 
or 19 per cent, of the specimens studied fall in this group. 

In this study many femora were found to have a reverse angle or an angle of retro- 
version. Most other observers have also noted this fact, but previous^ it has been con- 
sidered an unusual finding, whereas in our study this has been a rather frequent finding. 
Of the entire group of adult femora measured, ninety-three or 14.8 per cent, showed this 
angle to be reversed, and it varied between minus 0.5 and minus 20 degrees. We see, there- 
fore, that the reverse angle was a finding almost as common as the increase in anteversion 
which we considered definitely pathological (Chart I). 

Finally, it was felt that by studying known pairs of femora, interesting data in this 
studj^ would be obtained. The paired femora from forty-five adult anatomical specimens 
were obtained, and in them this angle was measured. This group was also classified as to 
sex, there being femora from twenty-eight males and seventeen females. In the male group 
the right femur had a greater angle of anteversion than the left in seventeen of the twenty- 
ei“-ht pairs, while in the female group it was greater in twelve of the seventeen pairs 
studied. Thus in the series of known adult pairs, the right femur showed an angle of ante- 
version greater than that seen in the left in twenty-nine of the forty-five pairs studied,— 
a ratio of two to one. 

This has been purely an anatomical stud 3 ’- and no attempt has been made to correlate 
the findings with any clinical aspects, such as those which might be applied in the study of 
congenital dislocations of the hip or in the treatment of fractures of the femoral neck by 
internal fixation. 
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Tlu' authors fta'l that, in tlio i)a''t, tin- aiinlo of antcversion of the neck of the femur 
has heon eonsidennl to lie iireater than it normally is. This stud}' has shown that 25 
per rent, of all adult femora will normally ha\e anteecrsion of between 5 and 10 degrees, 
and that Oti per cent, will fall l)etv\een 0 and 15 degrees. The authors believe that any 
angle of antevei'sion in the adnlt fiunur that i- greater than 10 degrees is approaching the 
abnormal, and that anything over 15 degrees is definitely pathological. 

There are many differenee." between the male and female types of femur. Although 
the differenee in the angle of antever-'ion i> small, it should be considered as one of the 
char.ieteristics of each type. - the female type showing a slightly greater amount of ante- 
version than the male type. 

This study bears out the facts that the infant femur has a high degree of anteversion 
normally (this averageil 2-1.4 degrees); and that, during childhood and adolescence, it 
gradually recedes to that seen in the adult. 

A reverse angle or angle of retroversion is a rather frequent finding, and its occur- 
rence in the adult is nearly as common as the finding of an abnormal amount of anteversion. 
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RECONSTRUCTION OF THE ELBOW JOINT 

BY EDWARD PARNALL, M.D., ALBUQUERQUE, NEW MEXICO 

If a stiff elbow can be converted into one which has a certain amount of 'practical 
painless motion and a reasonable degree of stability, much will be accomplished. It has 
long seemed, to the writer that an attempt at ph 3 ’'siological function, based on a fair 
knowledge of the direction healing tissues take, should be the basis for action rather 
than anatomical reproduction of the elbow joint While the approach to the joint shown 
in this paper was devised independently in 1939 by the wi-iter, it is not a new one, having 
been used by Gutierrez in 1925, by Milch, and by Campbell. Busto deals quite exhaustively 
with the subject in an interesting historical sketch. Most of the other approaches appear 
not to be physiological. The veiy easy posterior horseshoe incision strips too much peri- 
osteum and necessitates a long healing time for a transversely divided large tendon; the 



Fig. 1 : Dotted line sliows incision. Note that it is peipendicular to skin cleavage lines at only one point. 
Fig. 2 : The ulnar nerve is e.xposed and ready for freeing. 



Fig. 3: The ulnar nerve is retracted and the medial cpicondyle is being detached with flc.vor inii.scle 


rig. 4: The fle.xor muscle mass is reflected and the field is ready for the operation of choice. 
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lateral lonptudiiial incision is too far from it- tar<ict and endangers the radial and ulnar 
nerves'-: and the posterior longitudinal inei-ion ’ ^ cutting across skin cleavage lines 
and traversing an extensor surface of a joint, merely invites keloid formation and con- 
tracture. 

A consideration of the various types of Milistances suitable for interposition between 
the joint surfaces is not of great imiiortance. as far as the elbow is concerned, since a prop- 
erly conceived jibysiological procedure should minimize the need for an interposing sub- 
.stance. Several writers, notably Stamm, state that fascia lata is never necessarj-. 


opiiHATivi: pnornDi'RE 

A semicircular incision, five inches (thirteen centimetem) in length, is made on the 
medial aspect of the elbow, with its apex just anterior to the medial epicondyle of the 
humerus fl'ig. 1). The medial antibrachial 


cutaneous nerve should be identified and 
avoided (Fig. 2). 

The ulnar nerve is exposed in the upper 
portion of the area, dissected free in its entire 
course as far as its disappearance in the fore- 
arm flexors, and retracted with a tape (Fig. 

3). 

The medial epicondyle is cleanly divided 
from its parent bone, well at its base, with an 
osteotome (Fig. 3). The flexor muscle mass is 
separated by blunt dissection and retracted 
downward with the attached epicondyle 
(Fig. 4). 

The soft tissues on all sides of the lower 
portion of the humerus and the humero-ulnar 
ligaments are separated by sharp dissection. 
The area is now exposed, and is readj 
for whatever reconstructive procedure good 
judgment dictates, from simple removal of 
obstructing spurs to complete arthroplastj 
(Fig. 5). 

In closure, the detached medial epicon- 
dyle is usuallj' dissected free and discarded. 
The flexor muscle mass is approximated to 
the remnant of the medial intermuscular sep- 
tum and lightly sutured. The ulnar nerve is 
transposed anteriorly and subcutaneoush'. 
The wound is closed. 



If necessarj”', a hanging cast is ap- 
plied for the sake of stabilitj' and downward 
traction. Otherwise, a bulkj’ dressing is 
used. 


Fig. 5 

Procedures followed in five cases. .4, Case 1;B, 
Case 5; C, Case 4; D, Case 2; E, Case 3. 


On the daj' after operation, the patient 

is encouraged to tense the triceps and biceps simultaneously in order to “snug” the new 
elbow joint. The cast is not retained longer than one week; at the end of this time, active 
graded exercises are begun. As soon as the wound is healed and the sutures have been 
removed^ the patient should receive daily whirlpool baths. Active exercises are gradually 
increased until, at the end of about three weeks, the patient is working against resistance 
and is increasing the range of motion. 
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Seven elbows were repaired, all in soldiers between the ages of twenty-five and thirty- 
five. The elbows were approached through the medial curved incision. All of the patients 
except one (Case 7) had sustained missile wounds of the elbow. In Case 7 a simple frac- 
ture of the lower end of the humerus had been sustained, complicated by suppurative ar- 
thritis of the elbow. This Avas treated Avith skeletal traction. 

In Case 1 the humerus Avas trimmed to a knife-edge, as shoAAm in Figure 5, A, Avith no 
fascial covering; this is very similar to a case cited bj’- Buckley. 

In Case 2 the humerus Avas resected just above the trochlea and capitellum, and Avas 
covered AAuth fascia (Fig. 5 ,jD). 

In Case 3 (Figs. 6-A, 6-B, 6-C, and 6-D), the patient had an ununited fracture of the 
humerus, aa ith pseudarthrosis and a good deal of exuberant callus, too close to the elboAv^ 




Fig 6-A 


Fig 6-C 



Fig 6-B Fig. 6-D 

Fig'^ 6-A and 6-B: Case 3. Roentgenograms taken before operation (Fig. 6-A) and si\ weeks after 
operation (Fig 6-B) 

Fig'S 6-C and 6-D: Photographs taken si\ weeks after operation 
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5 degrees i 

Stable 

f. 

1(1 

45 degree' 

15 degree* 

Stable 

7 

12 

25 degree' 

25 degrees 1 

Stable 


for good Ijonc-grafting. Allliough it was felt that resection of the lower fragment would 
cause instability, this procedure wa.- carried out (Fig. 5,E), the upper fragment simph- be- 
ing left with its own covering of fibrous tissue. 

In C asc 4 there was extensive comminution and destruction of the proximal portion of 
the ulna. At operation, therefore, the trochlea was left to fill the remainder of the semilunar 
notch of the ulna, and was cut flat acro.'S, so as to teeter in seesaw fashion on the knife- 
edge cut from the luimcrus, wliich was covered with fascia (Fig. 5,C). 

In Case 5 there was excessive bone proliferation in both humems and ulna. Removal of 
the medial epicondyle increased motion by about 30 degrees; this was increased 25 degrees 
more by removal of a spur on the coronoid process. The medial epicondyle was, therefore, 
discarded (Fig. 5,B). 

Case 6 was dealt with in the same way as Case 1 (Fig. 5,-4). 

In Case 7 (with ankylosis resulting from suppurative arthritis), treatment was the 
same as in Case 2 (Fig. 5,D). 

The postoperative results are shown in Table I. 


FOLLOW-UP STUDY 

In all seven cases the patients were followed by letter. Each patient was asked to 
draw an angle, representing the amount of motion he had at the time (six months to a year 
after operation). In each case the diagram indicated that motion was nearly identical 
with that given in Table I. Each patient was asked specificalh' if he preferred the elbow 
he had to a stiff and painless joint; each replied in the affirmative. One patient (Case 3) 
stated that he could stabilize his elbow by “setting” it by muscle action, and that he pre- 
ferred it to a stiff elbow. 

In IMarch 1948, a second follow-up letter was sent to each patient. Replies were re- 
ceived in Cases 1, 2, 3, 4, and 5. Four patients (Cases 1, 2, 4, and 5) reported e.xactly the 
same motion and expressed the same preference for a mobile elbow. In Case 3. the least 
, satisfactorj- from the verj- beginning, the patient stated that the elbow tended to lock in 
^ extension, due to overlap of the ulna anterior to the humerus, and that he had a hard time 
getting his hand to his mouth. While he still expressed preference for a mobile elbow, 
probably some attempt should have been made to secure union of the fractured humems, 
and appropriate treatment continued thereafter. 
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DISCUSSION 

Coxa Plana 

(Continued from page 620) 

Within the last two years, I have operated upon two patients with Legg-Calve-Perthcs disease; one W8 
twenty-one years old, the other forty-two. Both were disabled by ti’aumatic arthritis, i-esulting from 
mechanically faulty hip joint. An arthroplasty was performed in each case. 

The most important point to keep in mind in the treatment of Legg-Calvc-Perthes disease is that even 
minor deformity will bring about increasing changes and eventually will result in a disabling conditior 
demanding operative treatment. 

Dr. M. B. Howorth (closing) : Dr. Gill’s statement about coxa plana and congenital dislocation of th 
hip is certainly well taken. The conditions are not quite the same. I might simply say this: When we pu 
these hips in plaster under tension, coxa plana resulted in 25 per cent. When we stopped putting them ii 
plaster under tension, co.xa plana occurred in less than 5 per cent. You might try that in congenital disloca 
tion of the hip. I have not used the terms “aseptic necrosis” and “fragmentation”. I do not think these term: 
are proper, any more than they are for the development of callus in the healing of fractures. 

I would like to add one point about the pathological changes. In the early stages, when we open the joint 
the cartilaginous surface of the head is round ; it is not flat. The flattening in the ossified portion of the epiphy 
sis is seen early only in the roentgenograms. 

Dr. Gill’s and Dr. Smith-Petersen’s point about the follow-up in these cases is well taken. Probably none 
of us will live long enough to find the answer. The evaluation of the cases is difficult. We have had 100 cases, 
fiftj' treated bj'^ rest in bed and fifty bj’- operation. It is not possible in twenty minutes to give the detailed 
results. No two cases are alike. I do not know what the final answer will be. I have found that drilling pro- 
duced less residual deformity and that the hip healed more rapidlj'. I do not think the answer to the question 
is whether rest or drilling, muscle flaps or bone pegs, constitute the best treatment; rather we should find out 
what causes the disease, and how to prevent it. At the moment we do not know. That is where the work should 
bo done. The onh- thing I know that might prevent deformity is that, as soon as s^'mptoms develop in the hip 
of a child, he should be given complete freedom from weight-bearing until all spasm and limitation of motion 
have subsided. We have sometimes prevented coxa plana b^' so doing. Perhaps some of the younger group will 
discover the cause and the ultimate prev'cntion of the disease. 
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SURGICAL TREATMENT OF INTRACTABLE PLANTAR WARTS * 

HY JAMI'.S A. niCK?ON’. M.D.. CLEVELAND, OHIO 
From (Ilf Clrvclanil Clinic, Cleveland 

At first glance, the subject of plantar warts may seem to be too tri\-ial for discussion, 
since these lesions are generally regarded as presenting a minor medical problem. It is 
' true that 90 per cent, of them are superficial le.^ions. which respond readily to conservative 
treatment with roentgen irradiation, escharotic solutions, or electrodesiccation. However, 
it has not been generally or sufficiently appreciated that, in the 10 per cent, of cases of 
verruca plantaris which do not respond to conservative therapy, the problem is far from 
tri\'ial. 

Patients with these intractalilc lesions suffer extreme pain and serious disabilitj*, 
and they lose much working time and incur great expense in an effort to find relief. The 
typical history is that they have suffered for many years and have consulted many physi- 
cians. including general practitioners, roentgenologists, surgeons, orthopaedic surgeons, 
and dermatologists (and most of the patients have also seen chiropractors, chiropodists, 
and electrothcrapists). but they still have the plantar warts, which recur or persist as 
ulcers on the soles of the feet. These stubbornly refuse to heal, and cause e.xcruciatmg 
pain and difficulty in walking. .\n\' ailment so serious to the patient demands serious 
consideration by the medical profession, and radical treatment, if this is necessarj-, to 
relieve the suffering. 

In formulating a rationale for treatment, it is necessarj- to consider the pathological 
’ condition involved. An ulcerated plantar wart of long duration invariably extends through 
the deep fascia, sometimes down to the tendon sheaths (Figs. 1-A and 1-B), usuaUj' riith 
ulceration and pronounced sclerosis of the surrounding tissue. Thus these lesions are not 
mereR warts, but also deep ulcerative processes, resulting to some extent from pre\'ious 
treatment. Additional local application of escharotics or radiation treatment in this tj*pe 
of lesion is useless; the only thing that will relieve the patient is complete removal of the 
diseased area. 

The therapeutic problem is made more difficult by the fact that all patients with 
these intractable warts exhibit mechanical defects in the feet, vith weight thrown ab- 


Fig. l-.A. Fig. 1-B 

Fig. l-.A.; Cross section of a gross specimen including a plantar nart, shoning depth of the lesion. 

Fig. I-B; Photomicrograph (X 4) of a plantar wart, showing spurlike process c.xtcnding through the 
subcutaneous tissue, practically to the tendon sheath, with pronounced sclerosis of adjoining tissue. 

* Read at the .Annual Meeting of The .American Orthopaedic .Association, Hot Springs, Virginia, June 
2S, 1947. 
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Fig. 2-A Fig. 2~B Fig. 3 

Technique of operation. 

Fig. 2-A: Dissection of toe and metataisal bone. 

Fig. 2-B: Operative site after removai of tfie metatarsal bone. 

Fig. 3: Appearance two months after removal of fifth toe and metataisal bone from left foot of a man, 
aged si.\ty-two. Two comses of contact roentgenotherapy and other local treatment had failed to give 
relief. 



Fig. 4-A Fig. 4-B Fig. 5-A Fig. 5-B 


Fig. 4-A: Ulcerated wart at the bases of the second and third metatarsal heads on the right foot of a 
woman, aged twenty-six. The lesion had persisted for six years, despite eight surgical removals and x-ray 
and radium treatments. 

Fig. 4-B : Appearance of foot, two months after removal of the second toe and second metatarsal bone. 

Fig. 5-A: Ulcerated wait underneath third metatarsal head, after five seiies of loentgen treatments 
administered over a four-year period, in a man, aged si.xty. 

Fig. 5-B: Appeal ance of foot, two months after removal of third toe and metatarsal bone. 


normally on one of the metatarsal heads, producing a painful pressure point. Everyone 
who has tried to deal with these cases by surgical excision has had the great disappoint- 
ment of having the wart recur, or at least of having a recurrence of painful callus, despite 
all attempts to relieve pressure locally by means of arch supports and other measures. 
Thus, even in cases which are most favorable from a surgical standpoint — that is, those 
in which the wart can be excised easily and satisfactory closure procured — the results 
usuall}’- are far from successful. 

The problem becomes more difficult in those cases in which the lesion is so extensive 
that, when it has been completelj^ removed, satisfactory closure is impossible without 
resorting to skin-grafting. Skin-grafting and plastic operations used for this type of plantar 
wart have been described by" Ghormley and Lipscomb, Haggart, and Blair and his co- 
workers. Although skin-grafting has proved fairly effective in some instances, it involves 
a long period of hospitalization and is associated with all the uncertainties and failures 
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attondiiii; llii^ fy|)t' of oi)('nitioii. I'A'oii uIko h ‘inm anotlior area i« tran‘-ferred suc- 
<'('>'fully. it rolaiii-- thi' (‘liara{'t('ri''li('' ol tin i .i i -itc. aiul may be too thin to furnish 
stifiirient jirotection to tin* weiaiit-ix-aiins .lo.i nt ’in- loot. Furthermore, the difficultie.' 
of overcomim: tlu' pei>i'-t('iit i)re"nie point oi :1 • 'oot .-till remain, so that, even after 
.-ui’t'o— fill skin-uraftim:. there may be a reeiiiii-n{< of the rliffieulty. 

.\ft('r many di-a])pointment-. a— oeiated v\ith -wirioii- type.s of treatment along these 
traditional line-, it oeeurn'd to the author th.it lenioval of a V-.«haped .=ection of the 
foot, includimi a wide e\ei-ion of the \\:irt. with the forre‘-ponding toe and metatarsal 
y'hone. miaht remove the jirineipal eau-e- of the diffieulty and afford the desired relief 
to the patient, n'his would entirely r(‘mo\e the pre— ure point which might cause a re- 
currence. and would allow .‘-ati-factory clo-ure. even when the le.sion involved a verj' 
exteu'-ive area. Any nece.— ity for -kin-cniftinir would be avoided, and primarj' union 
would be procured, which would gri'atly minimize the time of ho-pitalization. 

The fir.'t operation wa- performcfl on a woman who begged that her foot be am- 
putated. so that .'-he might walk without constant pain. In comparison with the treatment 
reque.-tod. the surgical procedure of removal of a toe and metatarsal bone w'as conseiwa- 
tivc. and the result was mo«t succe.-sful. 

The operation itself is not difficult. It consi.,ts in the removal of a wedge-shaped 
area of the foot, including the warty Ic.sion. the toe. and the metatarsal bone which is 
causing abnormal pressure on the sole of the foot (Figs. 2-A and 2-B). A wide elliptical 
incision is made around the plantar lesion, extending between the webs on both sides of 
the toe to be removed, and over the dorsum. The metatarsal is exposed subperiosteallj'. 
vith reflection of the intrinsic mu-clcs. The c.xtcnsor and flexor tendons are cut, and 
the metatarsal bone is removed near its base bj' bone-cutting forceps. The adjoining 
mctatars.als are sutured together with chromic catgut through the capsule of the meta- 
/tarsal-phalangeal joints, thus obliterating the .space made by the removal of the bone, 
f'kin closure is then accomplished readily. 

The postoperative care consists in wearing a few layers of elastic bandage about 
the fore part of the foot for three or four weeks. Crutches are used when walking, to pro- 
tect the foot until the wound is well healed. 

The most frequent site of intractable plantar warts is underneath the head of the second 
metatarsal bone. Case 1 (Figs. 4-A and 4-B) had a typical historj', and the illustrations 
show a typical result after removal of this, bone. Cases 2 and 3 (Figs. 5-A, .5-B. 6-A, and 
0-B) illustrate the results of operations performed on the third and fourth metatarsal areas. 
Case 4 (Fig. 3) illustrates the result of an operation with removal of the fifth toe, and 
Case 5 (Figs. 7-A and 7-B) that for a wart underneath the great toe. WTien the wart is 



Fig. 6-.\ Fig. 6-B tarsal head of nght foot in a woman, acffJ 


fifty-eix. Several series of roentgen-ray treatments and cauterization^ had failed to eradicate the lesion. 
Fig. 6-B : .Appearance of foot, tw o month= after removal of fourth toe and metatarsal bone. 

Fig. 7-.\: Plantar wart at base of great toe on left foot in a woman, aged fifty-nine. 

Fig. 7-B; .Appearance of foot after removal of warty area and se-amoid bone. 
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under the great toe, the pressure point is usually caused by the sesamoid bone. In these 
cases, removal of the sesamoid along with the warty area has proved effective, without 
removal of the metatarsal head. 

The author has now performed this operation in a series of twenty-Rve cases, and 
the results have been uniformly successful. He believes that this operation offers the bes' 
chance of relieving those patients whose plantar warts extend deep into the subcutaneoui 
tissue and have recurred or persisted and become more painful, despite the most skillfu 
use of roentgen irradiation and other conservative therapy. The operation is recom 
mended only for that group of patients uith plantar ivarts which have failed to respond t( 
conservative measures. It is a radical procedure, and is to be used only in those cases ir 
which, because of the persistence and depth of the lesion, radical treatment is demanded 
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DISCUSSION 

Dr. R. Plato Schwartz, Rochester, New York: Dr. Dickson's experience is sinailar to that which 
we have had with intractable plantar warts; but I am not sure I can agree that all intractable plantar warts 
are due to abnormal pressure. It seems to me they are not. 

The simple untreated plantar wart usually responds to the application of a 10 per cent, solution of 
salicylic acid in collodion. I have not seen intractable plantar warts develop in association with this con- 
servative treatment. In my experience, the intractable plantar wart has followed treatment of simple plantar 
warts by roentgen raj’’, fulguration, local excision, et cetei'a. The simple plantar wart should not receive any. 
form of treatment resulting in a plantar scar which is subjected to pressure from an overlj’ing metatarsal head. 

Conservative local excision has resulted in failure. In due time, the healed incision is associated with the 
accumulation of painful scar tissue. It is important, therefore, to avoid a predisposition to such scar forma- 
tion, without at the same time removing the underlying bone that gives rise to constant pressure on the 
overlying scar. 

Dr. Dickson has presented a logical operative procedure for permanent relief from pain and disabilitj’ 
due to intractable plantar warts. The duration of pain and the disability and expense caused bj^ these lesions 
would invariablj’’ minimize the significance of radical therapy which assured elimination of these major 
difficulties. The absence of the metatarsal head eliminates the cause for a painful scar. 

I should like Dr. Dickson to tell us the duration of time preceding operation on these patients. 

Di’. Dickson has made a worth-while contribution and has given evidence which should stimulate the 
practice of this operative procedure. I believe that patients will accept his procedure and be very grateful for 
their freedom from long-prevailing pain and disability. 

Dr. James E. M. Thomson, Lincoln, Nebraska: The important point Dr. Dickson has made, which 
was amplified by Dr. Schwartz, is that, in dealing with these conditions, we are appljdng well-known princi- 
ples. To remove a corn and have a satisfactoiy result, one must take out the underlying bonj^ prominence 
responsible for the skin pressure. To remove metatarsal calluses, the same thing has to be done. It would seem 
all right to remove one toe and its metatarsal in the treatment of a single bothersome wart, but what about 
those patients who have multiple plantar warts? We sec such cases quite often, and I would hesitate to re- 
move the toes under such circumstances. It has been our custom to remove the bony prominence of the 
metatarsal at the time the painful wart area is removed. Usuallj’’ one can leave enough integument to cover 
the defect and get a good result. I think Dr. Dickson has shown, however, that it sometimes takes a major 
surgical pi-occdure to handle what appears to bo a minor disabilitj’. 

Dr, j. Albert Key, St. Louis, Missouri: It scorns to me that most of the lesions which Dr. Dick.son 
showed were not plantar warts. Plantar warts do not occur at weight-bearing points; in the fore part of the 
foot they usually occur anterior to these points. Most of the lesions shown were calluses which I would 
correct by operating upon the hammertoe or by removing the head of the metatarsal. I would not take off the 
toe and produce an incongruity between the two feet, when cure can be effected more simply. In fhc occa- 
sional ease, it is necc.«sary to e.xcise the area which had been treated bj- roentgenotherapy. 

[Conlinncd on page 7S9) 
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From Ihr Drpdrtiiirnl oj (trO.iip iciir Snriprij rnt'l Ihr Deprirlmcnt of Surgical Pathology, 

Hospital of Ihr I nirrr'fity of yin^ojlrania, Philaiiclphia 

r' 

In 1910, Lichtonstoin and .TafTo. and Otani and Ehrlich independently described cases 
havinii bone lesions which were granulomatous in nature and to which Lichtenstein and 
Jafte pave the name of eosinophilic pranuloma of bone. It is the purpose of this paper to 
report six new cases which have been observed in the Hospital of the Universitj- of Penn- 
sylvania within the past four years/ 

Five of the cases are summarized in Table I. Case 6 is presented in more detail, as it 
illustrates the benign nature of the h -ion and the results of conservative treatment. In 
this case, the diagnosis of eosinophilic granuloma was suspected prior to biopsjx 


Cask 0. P. II., n white m.ile, fourteen ye.nrs old, was admitted to the Hospital of the University of 
Pennsylvania on .\pril H, 1910, hi'oause of an enlargement over the right mandible and roentgenographic 
CN-idcncc of destnirtive Ie.-ions in the skull, right mandible, and right femur. 

In SeptemlKT 1941, eighteen month.s before admi.s.sion, the patient had begun to complain of aching 
pain in the right hip, occurring at night. The pain did not occur while he wa.s walking. Roentgenograms of 
the hip were negative. In January 194.5, repeated roentgenographic study revealed, in the neck and inter- 
trochanteric region of the right femur, numerous small, irregular, and confluent cy.stic areas tvith some ac- 
centuation of the tralteculations in the less involved adjacent areas. There was slight cortical thickening, 
idicating a periosteal reaction. The cluanges involved the epiphysis of the greater trochanter (Fig. o-B). 

Ijalwratory studic.s were a-s follows; 

Red blood cells 5,200,000 

Hemoglobin 9" per cent. 

IMiite blood colls 8,900 


Polymorphonuclear neutrophils 75 per cent. 

Lymphocytes 22 per cent. 

Eosinophils 3 per cent. 

Sedimentation rate Alarkedly increased 


In Februarv 1945, the boy was seen as an ambulatory patient in the Department of Orthopaedic Surgery, 
’ain had not occurred during the preceding three weeks, and he had no new complaints. Examination re- 
caled an undernourished bov ^^'ith poor posture. There was slight tenderness o\er the greater trochanter on 
he right, and some limitation of hip motion. The lesion was thought to be a cyst, but the possibility of 
uberculosis was also considered. Because of recent clinical improvement and since roentgenograms indicated 
hat the hip was mechanicalU' secure, it was decided to obser\e the patient. 

In the first week of -April 1945, a cystic lesion, tender to pressure, developed in the left frontal region 
if the scalp. Roentgenograms of the skull showed a large area of sclerosis, ndth scattered osteolytic defects, 
n the superior portion of the left frontal bone. The nomuil diploic and trabecular pattern was accentuated 
n the sclerotic areas and irregularly preseiwed in the osteoMic areas. Two months later, the mass was some- 
what larger and fluctuant. It overlay a crater-like skull defect. Roentgenograms revealed a marked increase 
n the osteoU-tic reaction and an area of mottled bone destruction, four by five centimeters in .size, 
rithout surrounding bone reaction. By September 1945, the mass had disappeared and no skull defect could 
he palpated. In November 1945, another mass appeared in the scalp and ran much the same course as the 
first lesion. Figure 5-A shows the roentgenographic appearance of the skull lesion in January 1940. Roent- 
genograms of the right femur at this time showed less bone destruction, rrith considerable filling in of the 
cystic areas. 

During the time of obsei-vation, from February 1945 until March 1946, the patient had no complaints 
and attended school regularly'. He maintained his weight. 

* Cases 1 2 and 3 were treated in the Department of Neurosurgery, and are reported by permi.-sion of 
Francis C. Grant, M.D. Cases 4, 5, and 6 were treatr^ in the Department of Orthopaedic Surgery, and are 
reported by* permission of Raul C. Colonna, M.D. Histopathological studies were made in the Department 
of Surgical Pathology, under the direction of Robert C. Horn, AI.D. 
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The patient was admitted to the Hospital on April 9, 1946. During the three weeks just prior to admis 
sion, a mass developed over the angle of the right mandible. Although this had been soft at first, it had nov 
become firm. Movement of the jaw was limited and painful. 



Fig. 2 

Case 2. A: Roentgenogiam (May 26, 1944) shows an osteolytic defect with slight variation in the 
involvement of the inner and outer tables in the light fiontal bone. There is no ebui nation of the mar- 
gins. The defect underlies a cystic tumoi mass. 

B: Gross specimen shows a circle of lesected skull, enclosing a soft granulomatous mass. 




Case 4. A; Roentgenogiam of the left clavicle (March 29, 1946), showing a cj'stic defect in the lateral 
third with an incomplete, tiansverse pathological fractuie. The cortex is thickened and theie is calluE 
foi Illation at the fracture site. 

B: In the gross specimen, the resected lateral third of the clavicle has been sectioned longitudinally. 
A soft, yellow-tan, granulomatous tissue projects from the cut surface. The specimen illustiates the 
destructive nature of the lesion. 
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The patii'iit, nltlioticli tliin anti pain, was artivi- and alnrt and did not appear acutelv ill. The rectal 
tonijK’ralnrx' ninpai hetnccn !)'•.(> anil 100 dpprvc-,. There nas a firm, soft-tissue mass, about two inches in 
diameter, sitnated over the aiiRle of the right mandible and evtonding to the temporomandibular joint. The 
mas- wa- firmly fi\ed to the dta'p stnicture-, but not adherent to the skin. It was slightly tender. The jaw 
could 1h' opi'iied one inch. Examinations of the skull and hip- were negative. There were no abnormal 
neurological findings. 

ladioralory -tudie- v\eri> as follows; 


J'emoglobin 
bite blood cells 

Polymorphonuclear ncufrophil- 
Lympborvles 
Blood chole-terol 
tH'niin calcium 
Inorganic pho-phoni- 
.\cid phosphatase 
.\ikaline phosphatjise 


72 per cent. 

0,200 

03 per cent. 

37 per cent. 

232 and 210 milligrams per 100 cubic centimeters 
ll.-l and 10.7 milligrams per 100 cubic centimeters 
5.3 and 1.0 milligrams per 100 cubic centimeters 
0 3 Shinowara unit 
lO.S Shinowara units 



Fig. 4 


Case 5. A: Roentgenogram of the femur (June 20, 1946) shows an osteolrtic defect, moa-suring 1.5 by 2.5 
centimeters on the film, in the proximal third of the shaft. There is irregular preseiwation of the .surround- 
ing trabeculation. Xo significant sclerosis of the bone is present, but the cortex is thickened and multiple 
layers of an “onionskin” U-pe periosteal reaction are seen over a ten-centimeter zone of bone. Xo reactive 
Cliff of bone is present at the margins of these layers. 

B: Photomicrograph (X 540) of section made from tissue obtained by curettement. There are numerous 
macrophages and eosinophils. Some of the macrophages contain granules in their cx-toplasm, succis-ting 
ingestion of eosinophils. 
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Urinalysis, including an examination for Bcnce-Joncs protein, was negative. A blood serological test for 
syphilis was negative. 

Roeiitgenographic Studies 

A bone survey showed only one new lesion. This was an irregular area of bone destruction, measuring 
one by two centimeters on the film, at the angle of the right mandible. The osteolytic process in the skull 
showed marked regression; however, a large part of the frontal bone, especially on the right, showed mottling 
with numerous small osteolytic areas, having a tendency to coalesce; some measured seven millimeters in 
diameter. There was no surrounding bone reaction. The process in the upper portion of the right femur also 
showed marked regression with filling in of the cystic areas in the greater trochanter, but a large area oS^ 
mottled denser bone was still left in the neck and upper shaft. 

Diagnosis 

The clinical diagnosis was eosinophilic granuloma or Schtiller-Christian disease. 

Operation (performed by Dr. Colonna) 

On April 18, 1946, an incision was made over the tumor mass. On splitting the right masseter muscle, 
a fairly large cavity, containing a poorlj’- organized blood clot, was found. A curette was inserted, and came 
into contact vdth hard cortical bone; no definite cavitation could be found in the bone. The bone in this area 
was curetted and sent to the patholog}' laboratory. A specimen, including soft tissue, was also sent to the 
laboratoiy for bacteriological examination. This was later reported as negative for micro-organisms, including 
fungi. 

Pathologist’s Report 

The intertrabecular areas not involved in fibrosis were the site of a richly cellular infiltration, composed 
chiefl}" of large mononuclear cells in wliich multinucleated giant cells and eosinopliils were very conspicuous. 
The diagnosis was eosinophilic granuloma (Fig. 5-C). 

Progress 

The postoperative course was uneventful, the wound healing bj" first intention. On Ma}’' 2, 1946, roent 
genotherapy was begun. Treatment was given to the frontal region, right jaw, and right hip. At the time c 
discharge, on May 7, 1946, enlargement of the jaw had subsided and the patient was able to open his mout! 
fully without discomfort. ^ 

The patient was seen again on October 23, 1946. He was in good health, was gaining weight, and had n( 
complaints. No new masses had developed. Roentgenograms showed almost complete regression of all th( 
lesions. When he was seen in January 1947, he had gained weight and had remained asymptomatic. Follow 
up roentgenograms, on November 14, 1947, showed a few small areas of decreased density in the occipita 
region of the skull. The patient had no symptoms. A small amount of radiation therapy (300 r) was given 
The old lesions remained healed. 


DISCUSSION 

Laboratory studies, although not complete for every case, were not helpful in making 
a diagnosis. The non-specificity of laboratory studies is, in itself, of some aid in diagnosis. 
As can be surmised from the case reports, the actual diagnosis rests upon histopathological 
study. 

In discussing therapeusis, it must be borne in mind that we are dealing with a condi- 
tion which has a strong tendency toivai’d healing. This is apparent, in view of the uni- 
formly good results folloiving a variety of therapeutic measures. 

Our experience indicates that some beneficial results may be expected from roeni- 
genotherap 3 L In both Case 1 and Case 6, roentgenotherapy was followed bj”^ marked im- 
provement. In Case 6, although spontaneous regression had been noted in lesions of the 
femur and skull, a new lesion appeared in the mandible, seventeen months after the onset 
of the initial s 3 ’-mptoms. S 3 ’^mptoms resulting from this latter lesion rapidly disappeared 
after biops 3 ’^ and irradiation. Whether the rapid clinical improvement was due to the 
biops 3 b to irradiation, to a eombination of the two, or whether it was coincidental, cannot 
be ascertained. Solomon and Schwartz have reported rapid clinical improvement following 
biops 3 ' without irradiation. In Case 5, healing occurred after curettement. 

Roentgenotherap 3 ' was administered in Case 1 and Case G with factors of 200 kilo- 
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Fig. o-.-V Fig. 5-B 


Fig. 5--A.: Case 6. Roentgenogram of skull (Januarj- 5, 1946) shows several large osteoh-tic de- 
fects, invohdng both inner and outer tables, and numerous smaller defects, m'th tendency to con- 
fluence. Xo sclerosi® is present. 

Fig. o-B; Roentgeno^am of upper portion of femur (Januarj- 29, 1945), showing mottled bone 
destruction in the neck and upper shaft, nnth c.xteiLMon across the epiph\-5eal plate of the greater 
trochanter and cj-stic lesions in the trochanter. There is local sclerosis of Sone and accentuation of 
the normal trabeculation. 



Fig. 5-C 


Photomicrograph (X 300) of mandibular lesion from the same case.psumerous large mononuclear 
cells, together with large numbers of eosinophils, make up the bulk 'of the tissue. Alultinucleated 
giant cells are a conspicuous feature. 

volts, 15 milliamperes, 0.5 millimeter copper and 1 millimeter aluminum filtration, a half- 
value laj-er of 1 millimeter of copper, and a 50 centimeter di.stance. a 9 or 12 centimeter 
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circular portal being used. These patients received doses of 100 to 200 roentgens daily or 
on alternate days, for a total of 1,500 r in Case 1; in Case 6, 900 r were given to the right 
jaw, 800 r to the right frontoparietal area, and 800 r to the upper portion of the right 
femur. The other patient. Case 3, was treated with factors of 135 kilovolts, 8 milliamperes, 
0.25 millimeter copper and 1 millimeter aluminum filtration, a half-value layer of 9 
millimeters of aluminum, and a 25 centimeter distance, a 20 centimeter circular portal 
being used. Doses of 50 r were administered daily until a total of 300 r had been given. 
These doses are those measured in air roentgens at the end of the treatment cone. No 
patient showed any ill effects from the treatment. In Case 1, local loss of hair took place 
for a few months. With the exception of the stud}'’ by Hamilton and his associates, reports 
indicate that roentgenotherapy is followed by bone regeneration (see Case 1 in this series). 
The most effective dose and the rate of administration have not been determined. How- 
ever, healing may also take place in the absence of any definitive treatment. 

Wide surgical excision, as was carried out in Case 2, does not seem justified. Our ex- 
periences at the Hospital of the Universit}' of Pennsylvania, together with the information 
gained from an analysis of the reported cases, suggests that surgeiy in suspected cases of 
eosinophilic granuloma of bone might well be limited to that necessaiy to secure an ade- 
quate biops}’’ or to relieve local pressure in skull lesions, and that, after the diagnosis has 
been established, this should be followed by radiation treatment of all lesions. 
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EXPERIMENTAL DEGENERATION OF THE SUPRASPINATUS TENDON* 

HY CIIAItLKS LAIHD AVILSOX, C.M., F.R.C.S. (c.) f, ST. LOUIS, JIISSOURI 

From the Dcparlmrnl of Stirgcr;;, Washington Unkersily School of Medicine, St. Louis 

Tlio pathology of rupture and degeneration of the supraspinatus tendon in humans 
ha.^: been described in a previous publication^. It has been shovn that a characteristic 
type of degeneration precedes and leads to nipture of the tendon. There has been much 
speculation concerning the cause of this syndrome. Many surgeons believe that rupture 
usually occurs in a tendon which has undergone degeneration and has then been subjected 
to trauma To explain the degeneration, some authors “ have postulated a 
senile change, but have gone no further. Others *• have suggested the possibilitj" of de- 
terioration of the vascular supply. The change has also been called a “sclerosization” 

It has been shown that characteristic, microscopic, degenerative changes make their first 
appearance relatively early in adult life and increase with age'*. The purpose of this paper 
is to describe the experimental production of these pathological changes in the supra- 
spinatus tendons of rabbits. 

The various stages in the development of the degenerative lesion in the human supra- 
spinatus tendon are as follows: The earliest histological e\'idence of degeneration, which 
can be observed in sections stained with hematoxjdin and eosin, is a loss of the normal 
wa\w outlines of the collagen bundles of the tendon. These become straighter and tend 
to merge with each other, so that individual fibers and bundles are blended, and the struc- 
ture of the tendon becomes homogenous in appearance. The homogenous areas stain less 
deeply with cosin than do the normal portions. The nuclei of the connective-tissue cells 
lose their normal arrangement and configuration and become distorted. .A.s the degenera- 
''tion proceeds, the homogenous areas break up and fra}', and have an oedematous, fibril- 
lated appearance, .A-n increase in the number of blood vessels supphdng the degenerated 
areas is observed concurrent!}' inth this change®. 

M.VTERIALS .A.XD XIETHODS 

Both shoulders of twenty-four rabbits were operated upon with the exception of two 
shoulders which were used as controls. An incision 2.5 to 5 centimeters long (one to two 
inches) was made over the tip of the shoulder. The deltoid muscle was split, and the 
roof of the subdeltoid bursa was incised, e.xposing the supraspinatus tendon on the 
floor of the bursa. The tendon was then traumatized close to its insertion into the humerus. 
The method generally used was to cut the tendon with a scalpel point in a crisscross 
fashion to a depth of 1 to 1.5 millimeters. Blood was allowed to ooze into the wound, and 
then the cut area was crushed between the jaws of a hemostat for a few seconds. The 
incision was then closed in layers. Fine black silk was used throughout. .At intervals var}'- 
ing from forty-two to one hundred and eleven days, these shoulders were re-opened 
through the pre\’ious scars, and the bursae were explored. Sections of the supraspinatus 
tendon were taken for microscopic study. These comprised the full thickness of the supra- 
spinatus tendon from its junction with the muscle to its insertion into the humerus. At 
this time, sections of the supraspinatus tendons were taken as controls from the two 
shoulders which had not been operated upon. .All specimens were preserv'ed in formalin 
and were stained for microscopic study. 

OBSERV.VnOXS 

The normal subdeltoid bursa in rabbits was found to be lined with a smooth, glisten- 
ing synovial membrane. Its diameter was usually 1 to 1.5 centimeters. .As in humans, 

* This study was aided by a grant from the Xational Foundation for Infantile Paralysis, Ine. 

t Fellow in the Medical Sciences of the Xational Research Council. 
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Fig. 4 

There is a great increase in the vascularity of the tendon. Surrounding this area are signs of 
degeneration (X 120i. 


the short rotator cuff showed no line of demarcation between the tendons, which were 
blended into a smooth sheet of tendon tissue as they approached their insertion into the 
j hiimenis. There were no gross or microscopic differences observed between the structure 
of human and rabbit tendons. 

All wounds healed by primaiy intention. Of the fortj'-si.x shoulders which were re- 
opened. there was complete obliteration of the bursa by scar tissue in five. Seventeen 
bursae were not obliterated but showed dense adhesions; nineteen showed fine adhesions; 
and five were normal to gross examination. No instances of i-upture of the supraspinatus 
tendon were obserx’ed. 

Microscopic Observations 

In the normal, control tendons (Fig. 1) the microscopic appearance was the same 
as obseiA'ed in normal human tendons. The collagen bundles were discrete and had a 
waxy appearance. The fibroblasts were hung between the indi^ddual collagen bundles 
with the long axes of their nuclei parallel to the bundles. The number of blood vessels 
was minimal. 

In the experimental tendons, various degrees of degeneration were noted. The first 
change obseiwed was a loss of the normal wa%y outlines of the collagen bundles, which 
soon assumed a homogenous appearance. The nuclei of the fibroblasts became slightly 
more oval, and were deranged so that their long axes were not so noticeably parallel to 
the collagen bundles (Fig. 2). The next change observed was a more complete loss of the 
normal tendon structure. This consisted in a disappearance of the discrete collagen 
bundles and the formation of a loose oedematous-appearing tissue in which a few loose 
strands of the collagen bundles could be seen. The nuclei of the fibroblasts were shrunken 
and pyknotic. and lay with no apparent polarity (Fig. 3). This change has been termed 
“earh' fibrillation”. Nowhere was there obseiwed the marked fibrillation seen in ruptured 
human tendons. Along with these changes, there was an increase in the number of blood 
vessels in the tendon structure (Fig. 4). 

Of the forty-six traumatized tendons, forty (87 per cent.) showed a homogenous 
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appearance with loss of the normal collagen waves, eighteen (39 per cent.) showed early 
fibrillation of the tendon structure, and twenty-two (48 per cent.) showed an increase in 
the number of blood vessels in the tendon. In all instances, the degenerated portions of 
the tendon stained a lighter pink with eosin than the normal areas. 

These areas of degeneration did not necessarily involve the whole tendon. Normal- 
appearing tendon structures could often be seen bordering the degenerated areas. This 
corresponds to the observations made in human tendons, where normal tendon structures 
have been found in ruptured tendons. 

There were no definite calcium deposits observed, but in three sections there were ' 
areas which stained a deep blue with hematoxylin, suggesting the beginning of calcium 
deposition in the tendon. 


COMMENT 


It has been demonstrated ® that, in the case of the human shoulder joint, increasing 
age and rriechanical use are important factors in causing the degeneration of the supra- 
spinatus tendon which leads to rupture. Both the degenerative changes in the tendon and 
the incidence of rupture increase with advancing years, and both occur with unexpected 
frequency in persons who have done hea\y manual labor. There has been much specula- 
tion upon the cause of the changes in the tendon. The3'' have been attributed to mechani- 
cal compression, attrition, ischaemia, and old age. It is evident that trauma enters into 
all of these supposed etiological factors. 

This study demonstrates that a single trauma can produce a t3^pe of degeneration 
indistinguishable microscopically from the degeneration which is observed in a human 
supraspinatus tendon which has undergone either partial or complete rupture. There is 
the same loss of the wavy configuration of the collagen bundles, the same homogenous 
appearance, the same pale-pink staining of the damaged areas with eosin, and the same 
increase in the number of blood vessels found in the degenerated tendon. In the rabbit 
sections, there was earl3'’ fibrillation, but not the marked fibrillation seen in the human 
tendons. There is no reason to suppose that this difference is other than one of degree. 
Perhaps more time or repeated traumata are required to produce this further change. 
A slight but definite increase in the evidences of degeneration was observed as the time 
which had elapsed between the trauma and the biopsy increased. This was an average in- 
crease onbq since all of the signs of degeneration could be found in some of the sections 
taken earlier. 

The period of time during which these cases were followed was not long enough to 
expect an3’- associated rupture of the supraspinatus tendon to occur, especial^'' since the 
rabbits were caged most of the time, — thus discouraging an3'- great physical activit3L 
The changes described, however, are those associated with and believed to precede rup- 
ture of the human supraspinatus tendon. It has also been shown that human tendons 
which show these signs of degeneration have a diminished tensile strength, which renders 
them liable to rupture under a stress that Avould leave a normal tendon intact. 

Eight of these cases were folloAved longer than 100 da 3 '-s. There was no evidence of 
the signs of degeneration being reversible, other than the increased blood supply. It is 
not suggested that, in all the human cases of tendon degeneration Avith subsequent rup- 
ture, a single trauma is responsible, since man3’- tendons shoAving these degenerative signs 
haAm not ruptured, and since in humans the process may be rcAmrsible to a certain extent, 
OA'er a long period of time. It is suggested, hoAA'-ever, that oft-repeated traumata ma3’’ make 
the degeneratiAm lesions permanent and more severe. This is borne out b 3 ^ the increased 
incidence of both degeneration and rupture of the supraspinatus tendons in humans Avith 
advancing age and AA'ith lieaAy manual labor. 

That calcification ma 3 ’' occur folloAA’ing trauma to a tendon is suggested ly the areas 
AA'hich stained a deep blue AA’ith hematox3din. 
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SUMMARY AXD COXCLUSIOXS 

1. The sui)r!ispiiiatus tendon M'as traumatized in forty-six rabbit shoulders. These 
tendons were examined at intervals varying from forty-two to one hundred and eleven 
days. • 

2. When the shouldci-s were re-opened for biopsy, only five of the subdeltoid bursae 
had a normal appearance; nineteen showed fine adhesions; seventeen showed dense adhe- 
sions; and five were completely obliterated. 

3. Some of the evidences of tendon degeneration observed in either partially or 
completely ruptured human supraspinatus tendons were reproduced in the supraspinatus 
tendons of rabbits by a single trauma. 

4. The microscopic evidence of tendon degeneration was a loss of the normal wa-vj' 
configuration of the collagen bundles, the homogenous appearance of the tendon, a 
cha ge in the character of the staining properties, an increase in the number of blood 
vessels observed, and the loose, oedematous, fibrillated appearance of the degenerated 
tendons. This fibrillation was not so marked as that observed in human tendons which 
had ruptured. 

5. Of the forty-six tendons. 87 per cent, showed a loss of the normal wavj* configura- 
tion of the collagen bundles and, instead, had a homogenous appearance, 39 per cent, 
showed early fibrillation, and 48 per cent, showed an increase in the number of blood 
vessels supplying the tendon. 

6. It is concluded that the degeneration observed in the human supraspinatus 
tendon is caused by trauma incurred during the life of the indimdual. 

.Acknowledgement is made to Dr. J. .Albert Kej’ for his valuable criticism and help in the preparation 
of this work, and also to Mr. Duane Taylor for his assistance in performing the operations and to Mr. K. 
Cramer Lewis for his photography. 
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BY H. PAUL LONGSTBETII, M.D,, PIO BLANCO, M.D., AND SAMUEL SANES, M.D. 

BUFFALO, NEAV YORK 

Frovi the Departments of Orthopaedic Surgery and Pathology, Edward J. j\Ieyer 
Memorial Hospital and University of Buffalo Medical School, Buffalo 

■ \ 

Primary malignant tumors of the talus arc rare. Ten cases described in ^ 

detail, have been collected from the available literature of the past fifty ^years. Four of 
these (one reported by Giuntini and three by Geschickter and Copeland), are cases of 
myxochondrosarcoma. The authors’ purpose is to describe an additional case of myxo- 
chondrosarcoma in a man, sixtj'^-tu'o 3mars old, and to summarize the published reports of 
primary malignant tumor of the talus. 

CASE REPORT 

N. G. (No. 410918), a white man, sixty-two years old, was admitted to E. J. Meyer Memorial Hospital 
on June 27, 1944, because of swelling and pain in the right ankle. 

The history disclosed that, in May 1942, the patient tripped while at work and injured his right ankle, 
with resultant pain and swelling. He was told that he had incuri’cd a sprain. Rest and soaking did not relieve 
the pain, which was sharp, knifelikc, and throbbing; the swelling progressed. The pain was made worse by 
motion. 

In July 1942, the patient had been admitted to another hospital. On e.xamination, the medial side of the 
right ankle, in the region of the head of the talus, showed a hard mass which e.xtendcd from the ankle joint 
forward to the talonavicular joint. Motions of the ankle joint were limited; pronation and supination were 
practically absent. Roentgenograms revealed a tumor on the superficial surface of the talus, c.vtending into 
its neck. There was bony destruction of the superior border of the talus with invasion of the overlying sofi\ 
tissue. On the basis of a biopsy examination, a diagnosis of chondrosarcoma was made. From 1942 to 1943, \ 
the patient received roentgenotherapj'-, a total skin dosage of 5,700 r to the right foot in two courses. / 

In May 1944, the skin on the right foot and on the lower part of the right leg was found to be pigmented. 
The dorsum of the foot presented a fluctuant mass. Roentgenograms showed no essential change in the bone. 
The patient complained of pain in the ankle, but he refused opei ation. 

On admission to this Hospital, in June 1944, the patient complained of pain and swelling in the right 
ankle. The swelling, which was chieflj" on the dorsal surface, felt fluctuant. Motions of the ankle were limited. 
The overlying skin was warm; it was brown in color. Roentgenograms * (Fig. 3) showed marked cystic 
changes throughout the entire talus; an eggshell-like structure, three centimeters in diameter, was visible in 
the soft tissue above the anterior margin of the talus. The lungs were free from metastases. On Jul}" 15, 1944, 
a Gritti-Stokes amputation of the right leg was performed under spinal anaesthesia. 

Surgical Specimen 

Gross Description: The specimen consisted of the right leg and foot. Over the area of the talus and 
navicular, the foot was swollen and the tissue was fluctuant. The skin was pigmented a deep brown, and was 
marked by prominent veins. The biopsy scar was present. Sagittal section (Fig. 4) showed that the bony 
architecture of the talus had been completely replaced by a gray-blue, friable, translucent, lobulated pseu- 
docystic tumor. The articular cartilages of the talus and tibia had been destroyed anteriorl}" and superiorly by 
invading tumor, and the joint had been obliterated. The tumor had also invaded the soft tissue of the foot 
at the talotibial junction, to form a pseudocj’stic hemorrhagic mass, 5 by 2.7 centimeters in size, correspond- ' 
ing to the swelling noted external^". The mass laj-^ beneath the skin; it extended from the talotibial junction 
downward over the dorsal surface of the navicular and over one-half of the dorsal surface of the cuneiform. 
The articular cartilage of the talus posteriorly was destroyed bj' tumor, and there was invasion of the 
posterior tip of the tibia, the superior portion of the calcaneus, and the soft tissue, making a pscudocystic 
mass, 2.5 bj- 3 centimeters. The tumor dcstro 3 ’^ed the cartilage of the talus anteriorlj' and inferiorlj', with 
obliteration of the talocalcaneonavicular joint for a distance of 2.8 centimeters. 

Microscopic Description: The marrow spaces were filled by a my.xochondrosarcoma. Tumor cells were 
few in number, and the}’ varied in shape and size; some lay in the spaces. The intercellular substance, in part, 
appeared like mucin when treated with blue stain; in certain areas, it took a pink stain, like hjmlinc cartilage. 
The vessels were dilated. Oedema and pseudocj’Stic formation were present. Focal calcification had oc- 
curred. Septa of connective tissue divided the tumor. No osteogenesis could be made out. Prefnrmcfl bone 

• Interpreted b\- G. N. Scatchard, M.D. 
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Fig. 2 


I^iteral a‘;pect of foot. 


Medial a.=pect of foot, showing biopsy scar. 



Fig. 3 Fig. 4 

Roentgenogram showing changes in talus Sagittal section of foot, showing tumor of talu-^ with 

and overhang tis=ue. inva.sion of adjacent joints and overh-ing ti==ue. 


shoi\ed destruction with giant cells between the tumor and the bone. The tumor penetrated the articular 
cartilage and invaded the overhang tissue, where its character was similar to that in the bone. Hemorrhage, 
and regressive and mj-xomatous changes, however, were more prominent. The skin revealed dight hyper- 
keratosis and oedema of the epidermis. In the corium the glands were atrophic, and surrounded by oedema. 
There was a moderate deposit of melanin. The connective tissue was hj-alinized. Focal inflammation was 
seen, with infiltration of plasma cells and round cells. The perineural tissues were thickened. The mu.=cle 
fibers were atrophic, and interstitial oedema and fibrosis were present fFigs. 5 and 6). 

/ Postoperative Course 

The stump healed without difficulty. Xo recurrence of the tumor was ob=erved during follow-up examina- 
tions. Occasionally the patient complained of epigastric distress. In ‘serial roentgenograms of the chest, the 
right apical area showed the development of a marked increa.=e in den=ity, with formation of a cavity. Tuber- 
culosis was suspected. A metastatic tumor was not reported in the lungs. Hemoptysis appeared late in 1945 
On November 2, 1945, the patient cut his throat with a jackknife. The lacerations and hjTXiphaiw'ngeal 
fistula were repaired, and a tracheotom\' was done. On November 19, the patient died. 

Postmortem Examination 

An autopsy was performed on November 21 The findings indicated a well-healed =tump followang 
Gritti-Stokes amputation of the right leg for m\'xochondro=arcoma of the talus; meta=tatic chondro-arcoma 
of the upper lobe of the right lung with a few small nodules; abscesa of the right upp^-r lobe with thromf>osi= 
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of the vessels; laceralion of neck, sevcranec of epiglottis, and external hypopharyngeal fistula, following 
attempted suicide; evidence of sui'gical repair of the lesions just mentioned and of tracheotomy; purulent 
tracheobronchitis and bronchiolitis; recent bronchopneumonia; chronic peptic ulcer of the duodenum; 
arteriosclerotic scarring of the kidneys; glandular hyperplasia of the prostate; and slight interstitial fibrosis 
of the pancreas. 


SUMMARY OF FINDINGS 

The clinical, roentgenographic, and pathological findings in eleven cases of myxo- 
chondrosarcoma are briefly summarized in an attempt to present an inclusive picture of 
the lesion. 

The ages ranged from eleven to sixty-two 3mars; three patients were in the second 
decade, three in the third decade, three in the fourth decade, one in the sixth decade, and 
one in the seventh decade. Eight of the patients were males; three ivere females. 

The patients complained that s3'^mptoms had been pi’esent for periods of from one 
month to four 3'’ears. In eight cases, the duration of symptoms was less than one year. 
Six patients believed that their symptoms were related to a preeeding injury. All com- 
plained of pain and swelling or a mass in the ankle. 

Ph3''sical examination disclosed swelling of the foot, chiefl3’- on the anterior dorsal 
surface of the ankle, occasionall3'- with a palpable mass. Other pltysical signs included 
pain, tenderness, and fluctuation of the swelling; limitation of movement of the foot; 
dilatation of the veins in the overl3dng skin; and atroph3^ of the affected leg. The right 
and left ankles were involved in the ratio of five to four. 

Roentgenograms were taken in eight cases. Positive findings for tumor were present 
in five^'^'®, including the case pi-esented here. In our case and in three others, biopsy 
examination permitted a pathological diagnosis of the t3'-pe of tumor 

When the clinical and roentgenographic impression had been recorded, a tumor waS' 
finally diagnosed in six cases. The lesion was confused with a ganglion in one case with 
tuberculosis in one case b and with fracture in one case 

Astragalectomy was done in three cases the leg Avas amputated in seven cases, at 
various sites curettage Avas done in one case ® in which amputation apparentb'’ 

had been refused. 

The pathological diagnoses included osteogenic sarcoma in three cases m3mloid 
sarcoma in one giant-cell tumor, probabl3'' malignant, in one myxochondrosarcoma in 
five including the case reported here; and fusiform-cell sarcoma in one 

Davidson and Kurtz’s patient (giant-cell tumor AAuth probable malignant change) 
received postoperatiAm roentgenotherapy. PreoperatiA^e roentgenotherap3'’ Avas given in 
the case of chondrosarcoma reported here. 

Six patients, seen from tAvo and one-half months to five years after operation, had no 
demonstrable recurrences or metastases. Recurrence Avas noted in the patient AAoth 
primary chondrosarcoma, AAdiere only curettage had been alloAA^ed One patient AAuth 
chondrosarcoma ^ died three 3 ^ears after amputation with metastases to other bones; in the 
case described here, pulmonaiy metastases AA^ere revealed at autops3'’, scA^enteen months 
after amputation. 


DISCUSSION 

The patient reported here (sixt3^-tAVO years of age) AA’as the oldest in AAfiiom a tumor 
had been described. Pathologicall3'', this patient represented the fifth case of chondro- 
sarcoma. In an excellent I’eAueAV of chondrosarcoma, Lichtenstein and Jaffe stated that 
this tumor should be differentiated from osteogenic sarcoma for anatomical, clinical, and 
prognostic reasons. Chondrosarcomata ma3'- be of the peripheral type or, as in our case, 
of the central t3'pe. The belief of Lichtenstein and Jaffe that local trauma is probabb'’ not 
a factor in the initiation of chondrosarcoma or in malignant transformation of enchon- 
droma or osteochondroma had to be eA’'aliiated in regard to the medicolegal problem Avhich 


Tin: jouR.NAL or noxi: axd joixt hijTioi.'rY 



MYXOCHOXDIiOSMlCOMA OF THE TALUS 


/ t 



Fig. 5 

Chondrosarcomatous tissue in marrow spaces (X 30). 



Fig. 6 

Mj-\osarcomatous area after invasion of soft tissues (X 7.o). 

was raised in our patient bj' the historj' of trauma. Xotewortln- in this case was the 
extension of the tumor to the overhung soft parts to form a fluctuant, pseudoc.vstic. homo^ 
rhagic mass which, with the bone destruction, gave suggestive roentgenographic cvidcp^ 
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No other patient mentioned in the literature received roentgenotherapy before operation. 
Whether this treatment had any effect upon inhibiting the growth and spread of the 
tumor, or upon producing regressive changes in the tumor, remained a matter for specula- 
tion; the radiation did not destroy the tumor. Chondrosarcoma has been thought to be 
radioresistant. 

In chondrosarcoma of one of the bones of the foot, amputation above the ankle joint 
is advised, rather than local excision. 

Our case illustrated that, as in other bones, chondrosarcoma of the talus runs a slow 
course with metastases, chiefly by way of the veins, to the lungs and heart. Our patient 
was followed for three and one-half years from onset of symptoms to death as a result of 
suicide. In ho previously reported case of chondrosarcoma of the talus was an autopsy 
performed or was the patient proved to have visceral metastases. 
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LAMINAGRAPHY THROUGH PLASTER CASTS IN POSTREDUCTION 
ROENTGENOGRAPHY OF CONGENITALLY DISLOCATED HIPS 

BY BERNARD S. EPSTEIN, M.D., BROOKLYN, NEW YORK 
From The Jeioish Hospital * of Brooklyn 

A vexing problem often encountered by orthopaedic surgeons concerns the alignment 
of the femoral head and acetabulum, after reduction of congenital dislocation of the hip 
and fixation of the limb in a plaster cast. Overexposed roentgenograms, taken with the 
use of the Buck}’- diaphragm, have for the most part been inadequate. This difficult}’- can 
be surmounted by the use of laminagraphy. 

Our present technique, carried out with the use of the Kieffer laminagraph, employs 
a five-turn spiral motion, 150 milliampere-seconds, 55 to 60 kilovolts, target-film distance 
of 30 inches, and parspeed screens. Sometimes the five-second exposure is too long for the 
patient to be kept quiet, but, if the examination is performed while the child is anaesthe- 
tized, this difficulty may be overcome. Otherwise, a two-second e.xposure with two spiral 
* R:uliologic Service of M. G. Wasch, M.D. 
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turns is made, the kilovoltage or milliampere-seconds being raised to compensate for the 
diminished exposure. 

It is advisable to make a preliminaiy laminagram, based on an estimation of the 
height of the hips from the table top. Inspection of the wet film will determine whether 
or not the proper plane is in focus, and succeeding exposures can be made, as necessary. 
In infants examined at this Hospital, the hips were usuall.y brought into sharp focus at 
from 4.5 to 6 centimeters from the table top. Occasional!}’-, the femora will be so fixed that 
they are in slightly different planes. Separate exposures are then required, each thigh 
being positioned so that the hip and femur lie parallel to the cassette. Attendants holding 
the child should wear lead rubber gloves. 

Laminagraphy is a useful adjunct to roentgenographic examinations of patients with 
plaster casts. The elimination of superimposed shadows makes it possible to examine bony 
structures more accuratel}’’ than can be done on routine roentgenograms. 
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BILATERAL OSTEOCHONDRITIS OF THE TARSAL NAVICULAR AND 

THE FIRST CUNEIFORM 

A Case Report 

BY ARCH F. o’dONOGHUE, M.D., EDMUND S. DONOHUE, M.D., AND 
WAYNE W. ZIMMERMAN, M.D., SIOUX CITY, IOWA 

Osteochondritis has been found in most of the bones of the body. Harbin and Zollinger, 
in 1930, reviewed almost 700 articles written on the subject. To our knowledge, on!}’- one 
case of bilateral osteochondritis of the tarsal navicular and the first cuneiform has been 
reported. Buchman, in 1933, reported ttvo cases of osteochondritis of the first cuneiform. 
In one of his cases, there was bilateral involvement of the first cuneiform and changes in 
the tarsal naviculars, suggestive of osteochondritis. Lewin mentioned a case of osteochon- 
dritis of the second cuneiform, and Wagner reported a case in the third cuneiform. 

Case 1. A wliite boj^, aged three, complained of slight pain in the left foot, which caused him to limp. 
Ilis parents brought him for examination on March 28, 1946. His past history and a complete inventory of 
his S 3 'mptoms were essential^ negative. Phj'sical e.xamination revealed a well nourished boy with no evidence 
of disease in the back, hips, knees, or feet. Roentgenographic examination showed that (he 6rst cuneiforms 
of both feet had a fragmented, moth-eaten appearance. The right tarsal navicular was shown to be developing 
from two tiny centers of os«i6cation; the loft was developing from one (Fig. 1). 
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Fig. 1 Fig. 2 


Fig. 1; Roentgenogram, .March 2S, 1946, shonnng early bilateral osteochondritis of first cuneiforms. 
Fig. 2: Roentgenogram, .March 20, 1947, showing osteochondritis of first cuneiforms and naviculars 
of both feet. 

The patient’s feet were fitted with MTiitman plates. He wa.s seen occasionally thereafter. On March 20, 
1947, one year after his first c\amination, roentgenograms showed that the condition in the cuneiforms had 
improved, but wa= still present In addition, both tarsal nariculars showed evidence of fragmentation. Thev 
were not yet eompictely ossified (Fig. 21. Supportive plates were continued. 

COMMEXT 

Priman' osteochondritis involves the priman^ ossification centers; secondarj' osteo- 
chondritis involves the secondarj- centers, epiphyses and apophyses. The involvement of 
more than one bone by the osteochondritic process is not uncommon. In one of Kohler’s 
first cases, described in 1908. there was involvement of the navicular and the patella. This 
multiplicity of bone involvement suggests some systemic factor as an etiological agent. 
The etiologv' is yet to be proved. Trauma, which is too often considered the cause of any 
disease of unknown etiologv-, probablv- plav's an insignificant role. Since the disease is 
self-limiting and does not require surgerv', there is a scarcity of pathological material from 
early cases of primary osteochondritis. Supportive treatment is all that is indicated. 
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ANVIL FOR BONE SURGERY 

BY STERLING BUNNELL, M.D., SAN FRANCISCO, CALIFORNIA 

An essential for cutting a bone with an osteotome is to have the bone held solidlj^, 
in order to eliminate all jdeld as the tool cuts. The mechanic places a heavy weight, or 
anvil, behindi the piece to be cut, so that the inertia of the hammer is neutralized by the 
inertia of the weighty anvil. 



Fig. 1 


Shows anvil which acts on principle of pull instead of push. The weight, 
held in hand, furnishes the inertia. Wlien laid on the table, the weight serves 
as a chopping block for shaping bone grafts. 

A slender point of a conventional anvil, placed beneath the bone, gives satisfactory 
results. This requires, though, a rather free exposure of the bone, in order that the anvil 
may be thrust under from one direction and the hammer applied from another direction, 
at an angle of 90 degrees with the first. 

The anvil shown in Figure 1 was developed after long use of the type just mentioned. 
It can be used through a small exposure, and furnishes full inertia. Into an iron mass is 
screwed a long slender rod, or handle, which tapers and terminates in a hook. The hook 
is so shaped that it can slip through a small Avound and curve around the bone, backing 
it up. The amdl is held firmly bj’" an assistant. Only one retractor is needed. The inertia 
of the small hook is comparable to that of the AA'eighted end of the anAul. Both the 
isteotome and the stroke of the hammer should exactly parallel the handle of the anA'il. 
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T his anvil pivos just as much support to tlic hone as the conventional type, but it is on 
the principle of pull instead of push. The handles, threaded so as to be detachable from 
the weight, are of graded sizes, so that the hook will fit any bone from a phalanx to a femur. 


A PL.VSTIC OPPOXEXS SPLINT FOR THE THUMB 

nV JOHN E. STEWART, .M.D., BOSTON, IIASSACHUSETTS 
From the Orthopaedic Sendee, The Children's Hospital, Boston 

A method has been developed for producing an opponens splint of plastic material, 
which utilizes the circ perdue or “lost-wax” process of casting a mold, a process known 
to the Chinese for at least two thousand years. 

A pattern is first cut from a sheet of wax, and is then molded over the hand into the 
desired shape. This wax model is then cast in plaster and boiled out (from whence the 
process gets its name of eirc perdue). The resulting mold is packed with dental aciy'lic and 
is then heat processed. The finished product is a light, waterproof, durable splint, suitable 
for patients who are handicapped by paralysis of the opponens muscle of the thumb. 




Fig. 1 

Fig. 1 : Two of the three paUem sizes used, with a five- 
centimeter rule for size comparison. 

Fig. 2; Plastic opponens splint in place upon the hand. 

The technique is not easy, but can be mas- 
tered by a technician familiar tvith the use of p-jo o 

wax and plastics. This splint has been used in the 

Massachusetts Infantile Paralysis Clinic of the Boston Children's Hospital for the pa^t 
two years and has been found of value. Some of the original splints are still in use. 

It is hoped that presentation of this method of making plastic splints i^dll stimulate 
additional use of plastics in the field of orthopaedic appliances. 
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BRACE FOR EXTENSION OF THE SPINE 

BY ROBERT "W. AUGUSTINE, M.D., OAK RIDGE, TENNESSEE 


The purpose of this brace, which is a combination of the three-point brace and the 
Knight spine brace, is to hold the thoracic and lumbar portions of the spine at a fixed 
degree of extension. It is not intended as a means of reducing fractures of the spine. The 
brace is applicable for treatment of the ambulatory patient with a fracture of the thoracic 
or thoracolumbar area of the spine, and for the ambulatoiy patient with Pott’s disease or 
senile osteoporosis. It maj'^ have other applications. 

The Knight spine brace obtains a firm grip of the lumbar spine and the pelvis, and 
serves as a foundation for the application of the arms of the three-point brace. The Knight 
brace also gives lateral stability. Extension is maintained through a low abdomino-pubic 
pad and a pad over the upper portion of the sternum. The three points necessary to hold 
the spine in extension are then represented by the pubic and sternal pads and the lumbar 
Knight brace. The sternal and pubic pads are held in place bj’- arms, extending from each 
side and connected to the lateral longitudinal bars of the Knight brace through a special 
joint (Figs. 1, 2, and 3). Extension of the spine is maintained by a turnbuckle on each side, 



Fig. 1 Fig. 2 Fig. 3 


holding the upper and lower anterior arms in extension. The arms of the three-point brace 
do not touch the body except through the pads. The Knight brace is open in back and is 
connected across the abdomen by a lacing corset. 

The complete brace weighs about three pounds and may be worn under the outer 
clothing. The two anterior arras of the three-point brace, with their pads, are easily de- 
tachable. The author knows of no other brace that will hold the thoracic spine in extension 
in a practical manner and yet be easily removable. 

Both the Taylor brace and the axillary crutch brace act upon the shoulder girdle, 
and are not effective in maintaining extension of the thoracic spine. The “AV alter Reed” 
brace and the “butterfly” brace (essentially a Knight brace with bilateral fixed arms, 
extending to just below the clavicles, to hold the spine extended) are difficult for the pa- 
tient to get in and out of, are not adjustable, and lack the necessary pubic point of prcs- 
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suro. TIu' tliior-ifoint hiaro. dcvrnliod hy Bakoi ' I^ effective in patients with a stiff spine 
(Maiie-Stnimpell aitlniti''), htit wdl not adjusted, in our experience, on individuals 
with a Mi])ple s[)ine. It lacks a fiim Riip on tlic tmnk 

Diflicultic-. with fabiication and co-t luuo limited the use of thi« brace, ‘-o that the 
author’- experience with it i- not exten-ivc It has. however, been found effective in main- 
tainimr extension; and it- light weight, adaptability, and ventilation offer advantages 
over pla^tei. It ha- sometime- been found ncee— ary to fix the degree of extension bj* lock- 
ing the tiirnbiickle. -o that the patient will not alter the brace in order to make sitting 
more comfoi table 

Xfm : Tin- Unro w.i- protiiic(<l ti\ the .author m collaboration with Mr Charles Ro=s, bracemaker 
On Ma\ 7, iniT, afit r tin- (h -cnption of the brace had been prepared, a brace designed by Eugene L .Jewett, 
M.D , of Orlando, riorula, ins di-co\ercd to be similar in principle and construction The differences be- 
tween the two Were -ufficunt, liowcicr, -o that publication of this statement was considered to be justified 

1. UiMit, E D Hhironielic Spondj lo-i- Orthopaedic and Roentgen Therapy J Bone and .Joint Surg , 
24: X27-Si0, Oct 1012 


-MODIFICATION OF THE SMITH-PETERSEN NAIL AS USED 
IVITH THE THORNTON PLATE 

BX PHILIP R. FREDERICK, XI.D., EVXXSTOX, ILLIXOI« 

Occasionally, the screw which fastens the Thornton plate to the Smith-Petersen 
nail becomes unscrewed and allows the two to separate; this often nece=!sitates a sec- 
ond operation. To overcome this difficulty, a revision in design of the connection i« 
offered, which, the author believes, will make it more 
secure. 

By this plan, the base of the flanged nail is threaded 
for two nuts. The plate is slipped over this base and 
held by two nuts which are tightened in place with a 
socket or box wrench, the second nut serving to lock the 
first. The threaded portion is drilled at a level just 
behind the nuts, so that a small wire may be inserted 
at this point to further insure against loosening (Fig. 1). 

Several advantages of this design are e\-ident; 

1 The greater diameter of the threaded area allow s 
greater surface contact of the threads and more threads 
per inch, thus making the union tighter than with a 
screw. 

2. The nuts can be fastened much tighter with a 
socket w rench than a screw can be turned with a screw 
driver. 

3. This arrangement does not interfere with bendmg 
the plate to obtain the exact angle desired. 

4. The wire through the shaft of the threaded 
portion behind the nuts is a further locking measure. 
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GUIDE FOR DRILL OSTEOTOMY 

BY VINCENT E. LEGGIADRO, M.D., PORT CHESTER, NEW YORK 

The danger of splintering of bone and consequent loss of the desired angulation after 
osteotomy is too well known to require further elaboration. To avoid this complication, 
experienced orthopaedic surgeons now resort to the multiple-drill method, which permits 
accurate shaping of the ends and minimizes the danger of splintering. In order to simplify 
the procedure and reduce the duration of the intervention, the instrument described here 
has been adopted and found of value. 

The instrument (Fig. 1) is composed of a handle which holds, at its extremity, a 
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Fig. 1: Drawing shows instrument, five-sixths of actual size. 
A: Handle; B: Lock screw (for perforated steel block); C: Upper 
guide of drill; D: Connecting rod; E: Guido lock; F: Perfoiated 
block; G; Drill; H: Drill guide; K: Cross section of drill and 
guide; L: Drill chuck. 



Fig. 2: Sample of consecutive perfoi’ations made by drill 
guide. No web is left between perforations. 

circular perforated steel block (F) which is placed at an 
angle of 1 25 degrees to improve the view of the operative 
field. This block contains a guide (H) and an adjacent 
drill (G). Both guide and drill can be 
turned in any direction, to suit the needs 
of the surgeon. 

The first hole can be made at any 
point in the bone to be severed. It is pref- 
erable to start at its center, where the bone 
is thickest, and from there to proceed in 
any direction desired, for different types of 
osteotomies. The guide is introduced into 
Pjq j a hole previously made, and the depth is 

measured. By turning a knurled ring (E), 2 

the guide is locked in position, and suc- 
cessive holes are made until the entire bone has been severed. After the drill and guide 
have been placed in position, the surgeon can manipulate the instrument with one hand 
because (1) the drill is doubly guided at its proximal and distal ends; and (2) the distance 
between the chuck holding the drill and the proximal end of the guide measures, at any 
time, the remaining depth of the bone to be perforated. There is no danger of drilling be- 
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Yond tlio posterior wall of the bone. With this instrument, all types of osteotomies can be 
performed, o.'sjjoeially a U or osteotomy in a deep-seated bone; and the great!}' desired 
interlocking of the fragments, to maintain an accurate position without danger of slipping, 
i.s possible. 

The instrument is equipped with drills of three sizes, for adaptation to the different 
thicknesses of bone to be severed. They arc all provided with carbide tips, to maintain a 
constant .-sharpness and to reduce to a minimum the heat produced. The entire instrument, 
with its attached motor, weighs only half a pound. The drill may be driven by a small 
electric motor or by a fle.\ible cable. 


DRIVER FOR NEUFELD NAIL 

ny GOTTLIEB S. LEVE.VTHAL, .AI.D., PHILADELPHLi, PE.VXSYLV.iXI.A, 

The Neufeld nail for intertrochanteric fractures has been used in almost all such 
fractures treated in the Orthopaedic Serr'ice of the University of Pennsylvania Hospital. 
After reduction of the fracture, a hearw lOrschner n-ire is inserted through the middle of 
the neck, the La/sen guide being used. The bottom of the V of the Keufeld nail is then 

placed against the lOrschner wire and 
the nail is driven in. 

With this method of nailing, 
proper placement of the nail is quite 
easj', but the procedure is compli- 
cated because the tj-pe of driver avail- 
able is so constructed that it strikes 
the end of the Kirschner wire. As a 
consequence, the wire has to be bent 
out of the ^yay. This destroj's, par- 
tial!}' at least, the T'isual guidance it 
is supposed to afford. 

A driver has been constructed 
which permits the Kirschner wire to 
remain in place, and which does not 
interfere with driving the nail along 
the line of the wire. The portion of the 
driver which holds the Neufeld nail is 
made of angle iron. To this is brazed 
a long rod. so that the rod and the V 
part of the nail are parallel when the nail is screwed to the angle part of the driver. At the 
d^i^-ing end of the rod, a flanged piece of steel is brazed to afford a better driving .etirfaec. 
It can also be used as an e.vtraetor of the nail by driving on the reverse .side. 



Fig. 1 

Xeufeld nail being driven in, vrith Kirschner wire used 
as guide. 
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A SIMPLIFIED SPRING BRACE FOR DROP-FOOT 

BY LYMAN SiMmi, M.D., ELGIN, ILLINOIS 


In man}'' cases of eqninus deformity, whether caused by spastic or flaccid paralysis, 
or b}'' structural changes, some t 3 ''pG of corrective walking brace is frequently useful. The 
brace described here shows marked advantages over other types of braces being used. 

The spring brace is easil}'' applied to an}’- stiff-shanked shoe; the only tool necessary is 
a drill. Once the original fastening has been accomplished, the brace may be transferred 

from one shoe to another, in a few 
seconds. The brace weighs only five 
ounces, yet it is durable, for it has 
withstood the equivalent of 100,000 
miles of walking in machine tests. The 
coil spring is hidden anterior to the heel 
of the shoe, making the brace less con- 
spicuous and also lessening the possi- 
bility that the wearer’s trouser cuff 
^vill catch on the brace and trip him, as 
has been the case with the older type of 
brace. The spring is designed to lift 
eleven pounds. B}" bending the uprights 
of the brace forward or backward, the 
lifting requirements can be increased or 
decreased. The brace can be modified 
to resist a varus or valgus deformity, 
as well as an equinus deformity, by - 





interposing a coil spring between one of the uprights and the medial or lateral border of 
the shoe. The saddle posterior to the calf is made without an anterior strap, so that if the 
wearer squats, tlie uprights will not move forward and impinge on the malleoli. 
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The splint is simple in constrnction (Figs. 1. 2, and 3). The uprights and the coil 
spring arc made from a single i)iece of spring wire. The wire is welded to a pliable section 
of mild steel, padded with sponge nibber to form the saddle behind the calf. This flexibility 
is desirable so that the saddle may conform to any .size of leg. The brace is attached to the 
shoe by means of a single screw, which passes through a fastening block, and is applied to a 
blind nut placed under the inner sole of the shoe (Fig. 2). The spring is attached to the 
fastening block by means of two anchor studs; the loops of the spring rotate around those 
studs. 

Xoxn; This brace was developed wtli Mr. O. S. Caesar, Barrington, Illinois. 


DISCUSSION 

SCRGICAL TrEATMEXT OF INTRACTABLE PL-AXTAR VTaRTS 
(Continued from page 760) 

Dr. E. B. Mciiford, Ixdiaxapoli.s, Ixdiax.a: I have been doing this same operation for eight or ten 
years, with great success. The only objection to Dr. Dickson’s procedure is the extensive operation, which 
is not necc.'sary. .All you need to do is to make a small incision at the top of the foot, remove the head of the 
metatarsal, and then make a small incision and take out the com. The patient will get well with a very small 
scar. In regard to Dr. Thomson’s remarks, multiple warts can be cured by roentgen rays. 

Dr. ,A. W. Farsier, Toronto, Oxt.ario, Can.apa; I would like to congratulate Dr. Dickson on the 
procedure. I agree tvith Dr. Key that this is a formidable procedure for a small lesion. V7e found that some 
of these cases could be cured by remoAmg the pressure points or by excising a piece of the head or all of the 
head, removing the wart, and filling in the cavity by an S-shaped plastic manoeuvTe. 'The flaps should extend 
completeh- across the foot. The flaps must be undermined adequately and shifted without tension. Some- 
times a single rotation flap of the sole of the foot is adequate. 

Dr. Jaxies a. Dicrsox (closing) ; I have done some operations where I removed the head of the meta- 
tarsal only, but the results were not so satisfactory as in those where the toe and shaft of the metatarsal were 
removed. The toe has no function when the head of the metatarsal is gone, and the foot looks more normal 
than when the toe is retained. 

Dr. Schwartz asked how long these cases have been followed. The first one was done in 1940 and we 
have followed them since that time. As far as I know, there ha.s been no recurrence of the old lesion. 

I agree with several of the speakers that we are not dealing with a primary wart lesion. The continued 
use of roentgen rays and radium has brought about destructive lesions that give rise to the deep ulcerations. 
The operation suggested not only removes the wart, but also the destructive lesion. 
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THE MOULDER OF CLAY AND OF MEN 
Tait McKenzie 
1867-1938 

The illustration portrays sculptured bronze as arranged in an exhibition presented b 3 ^ the Canadian 
Orthopaedic Association at the Orthopaedic Congress at the Chateau Frontenac, Quebec City, Quebec. 

Tait McKenzie was born May 26, 1867, “a son of the manse”, at Almonte, Ontario, in the Township of 
Ramsay. When he was nine years old, his father died, but his home life continued one of cultural develop- 
ment. In some manner, his Highland mother found the funds to keep her three children in school until they 
had university degrees. Tait McKenzie entered McGill in 1885 and, by vacation earnings, “worked his way 
through” and was graduated in medicine in 1892. 

He was demonstrator in anatomy and became the first Medical Director of Phj'sical Education in McGill 
University, remaining there until 1904, when he became Professor of Physical Education at the Univeisit}" 
of Pennsylvania. During part of his war service with the Royal Army Medical Corps, he was on command to 
the Canadian and later the American medical organizations. His essential service was to develop all of the 
rehabilitation agencies which featured the later periods of World War I and were basic for the subsequent 
progress of World War II. In this he was associated with Sir Robert Jones. 

His life-time philosophj^ was to present human life in its finest physical state. He was humanist befoie 
being artist. His first efforts were portrait plaques; then the three-dimensional qualities intrigued him and he 
sought the perfect youth in a form derived from the composite of multiple exact measurements of hundreds 
ol different athletes. The statues of the “Athlete” and the “Sprinter” are examples of this scientific approach 
to his art. This method was shortly abandoned, and the individual features of a particular athlete were then 
to be portrayed. He was convinced that the most potent humanizing influence is a healthj’’ zest for games. 
Thus he will be known as “The Sculptor of Youth”. 

The post-war period saw the introduction into his work of the War Memorial, and patriotic youth was 
portrayed in the mantle of “living clay and willing sacrifice”. The trinity of these major works are interna- 
tional in distribution, — “The Victor” in Woodbury, New Jersey, “The American-Scottish” in Edinburgh, 
and “The Volunteer” in his native village of Almonte. The latter has an interesting story. At a time when t he 
sentiment for war memorials was misguided in regard to quality and design, the sponsors of the memorial 
sent two representatives to London, England, to choose a suitable artist to memoiialize the fallen of their 
district. There thej" visited the Grafton Gallciy where an exhibition was in progress, and they found the 
artist to be their ovm tovmsman! 

To the Univereity of Pennsylvania belongs the honor of the collection and establishment of the majoi 
portion of the sculptured works of the artist. The Orthopaedic Associations arc grateful that the kindness of 
the Universitj'', and of the National Gallerj’' of Canada, made it possible that the exhibit might be presentee 
to the Orthopaedic Congress of the three nations. 

Quoting from “Tait hlcKenzie” bj’ Christopher Hussey: “The athletic cult cannot fail to change humaii 
conditions. Athletics and games, combined with science, ma}' yet prove a salvation to a distraught world and 
an alternative to a mechanical civilization that tends to suppression of human chaiactcristics.’ 

Gcorqe A. Ramsay, M-R- 
London, Ontario 
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JAMKS O. WALLACE 

1877-1948 


Dr. .T:inu-s O. allure died im IVliruarj' 7, 1948, at the age of .=evonty-onc years, at his home in Pitt-S- 
Inirgh. llis datighter, Het.-^y (Mrs. Thnnia.-^ G. Greig, .Ir.). witli her ha=band and two children, wore li^dng 
with him. His wife, Kdith I5o-iweil, died in 1918, 

Dr. Wallace wa.s Itorn in Pitt.-lmrgh on .Tamiaiy 17. 1877. He w.as graduated in 1902 from Kenyon College 
in Ohio, at which lime he wa« electcil a member of Phi Beta Ivappa. He received his medical degree from the 
I niversity of Pennsylvania in 1905. .\fter serving a hospital internship, he became a-s.sociated with the late 
David Silver, one of the piomvrs of firthopaedic surgery in this country. It was about this time that operative 
orthopaialic surgery began to develop r.ipidly, and Dr. Wallace soon became a leader in this new field of 
surgiTj' in his own community. 

He wa-- a memlKT of The .Vmcrican Orthopaedic -Association, a diploraate of the American Board of 
Orthopaedic Surgery, a member of the .American College of Surgeons, the Pittsburgh Academy of Medicine, 
and the liastern States Orthopaedic Club. He served on the staffs of Mercy Hospital and the Children’s 
Hospital and w.as an -Assistant Profc.ssor of Orthopaedic Surgorj' in the University of Pittsburgh. In addition 
to his work in his own city, he organized and conducted State clinics for crippled children in numerous coun- 
ties in western Pennsylvania, under the auspices of the County Societies for Crippled Children. 

He worketl hard and he kept abre.ast of the times, but he was not a prolific tvriter. His most valuable 
paper w.as on the treatment of fractures of the spine, in which he had a large experience from his work among 
the coal miners of western Pennsylvania. 

On the day of hi.« death, ho operated in the morning and attended his office in the afternoon. On reaching 
homo, he said he was verj' tired and went to bed. .A few hours later, his daughter found that he had died in his 
sleep. 

Dr. Wallace wa.s one of that group of surgeoas, of whom only a few remain, who helped to bridge the 
gap between the older conservatism and the new and brilliant progressionism of orthopaedic surgery. He did 
much to enlarge and establish this specialty among the people of his community, and to foster and en- 
^ courage the interest of the public in the care of crippled children. 


AATLLIAM DARR.ACH 
1876-1948 

Dr. William Darrach died on May 24, 1948, after a brief illness. 

He was bom in Germantown, Pennsylvania, the son of William and Edith Romej-n .Aertson Darrach. 
He attended Hill School and was graduated from A'ale L'niversity in 1897. Following his graduation from the 
College of Physicians and Surgeons in 1901, he served an internship at the Presbj-terian Hospital. From 1903 
to 1909, he served as demoustrator in the Department of -Anatomy. In 1913, he was appointed .Associate 
-Attending Surgeon at the Presbj-terian Hospital, and continued to sen,-e there in varying capacities until his 
death. 

During World War I. Dr. Darrach went overseas itith Base Hospital 2, serving as Chief of Surgical 
Service, later as Consulting Surgeon for the First -Army, and, still later, for the Third .Army. He was dis- 
' charged, after serving with distinction, with the rank of Colonel. 

In World War II, Dr. Darrach served as Civilian Consultant to the Surgeon General. His final service to 
the government was in the post of Director of Education and Research at the lungsbridge A'eterau= .Adminis- 
tration Hospital. 

Between the wars. Dr. Darrach served for eleven j-ears as Dean of the College of Phj-siciaas and Sur- 
geons. -After his retirement as Dean, follon-ing the completion of the great Columbia-Presbj-terian Medical 
Center which towers over Washington Heights, his colleagues attested in formal resolution that he. above all 
others, had been responsible for the successful alliance between the Presbj-terian Hospital and other hospitals 
and the School of Medicine, resulting in the Medical Center. 

Dr. Darrach then returned from administration to his real abiding interest — surgerj- — and establbhed the 
Fracture Serv-ice. To the mending of broken bones, he brought his keen analj-tical mind, his mature judgment . 
and rare skill. His interest in his j-ounger colleagues and pupils was boundless. Manj- of them caught some of 
the fire of his inspiration, and. through those who did. hl= influence n-ill continue. 
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Dr. Darrach was dislinguislicd in every stage of his career, and his pre-eminence was recognized by 
countless honors. He served as President of the Association of the American Medical Colleges, of the Ameri- 
can Surgical Association, and of tlic Society of Clinical Surgery. He was a Regent of the American College 
of Surgeons. He was an honorary member of The American Academj’^ of Orthopaedic Surgeons. He was a 
trustee of Vassar College. He received many honorary degrees from universities at home and abroad. He 
wrote numerous articles, and always spoke clearly, intelligently, and with a delightful sense of humor. He 
was a devoted, radiant, and generous person, loved Iw countless friends, among whom were his many pa- 
tients and associates. 

The New York Herald-Tribune of May 26, 1948, paid this great doctor a final editorial tribute, in part 
as follows: “To his friends he continued without break an entirely delightful being. For his utter devotion to 
his tasks, for his unending generosity to the afilieted, it is hard to find a better word than noble, yet his was a 
nobility that originated from the core of his nature, that was matched by simplicity. . . . No wonder he was 
loved by all who knew him, as are few men in any generation.” 


The follow’ing letter is repi-inted, by permission of the American Medical Association, from the Corre- 
pondence Department of the Journal of the American Medical Association, vol. 135, p. 531, 1947; 

COMPLEX SIMPLE FRACTURE * 

To the Editor: Realizing that the term “simple fracture” as gcnorall)’’ defined is thoroughly inadequate 
to describe the trauma received in man}' so-called simple fractures, I have added a new definition to the 
simple and compound fracture nomenclature, i.e., “complex simple fracture”. 

A complex simple fracture is a fracture which is not compound but which has received severe trauma 
to either or all of the surrounding soft structures, i.e., skin, muscles, blood vessels and nerves. The bony.^ 
fragments usually are displaced to a marked degree, 

“Complex”, as defined by “Webster’s New International Dictionary”, unabridged, is as follows: (1) 
an assemblage of related things; (2) a whole made up of complicated or interrelated parts. / 

The complex simple fracture should be further described as to the type of bony injury, for example: 
complex simple fracture (transverse, comminuted, spiral or oblique, as the case may be). 

Through personal contacts and correspondence with the personnel of the three National Fracture 
Committees (American Medical Association, American College of Surgeons and American Academ}' of 
Orthopaedic Surgeons) with reference to their opinions and the necessity for such new fracture term or 
definition, there w'as unanimous agreement that such a definition of complex simple fracture was a necessary 
one and should be generally accepted and used in its broad meaning. 

I make an appeal that this new fracture definition or its relative equivalent be used by the members 
of the medical profession. Besides expressing more adequately the pathologic process in such type fracture 
it will mean improved records for the hospitals and convey a better description of the fracture to the in- 
surance companies, compensation boards and other related agencies, thereby being of much help to the 
patient, the physician and every one concerned. 

I will appreciate any opinion or suggestions relative to the foregoing. 

H. Earle Coniocll, M.D., Birmingham, Alabama 

* Read before the Boston Orthopaedic Society, October 20, 1947. 


CORRECTION 

An error was made in the editorial entitled “Congenital Dislocation of the Hip”, by A. Bruce Gill, M.D., 
which appeared in the April 1948 issue of The Journal. The sentence beginning on the next to last line of 
page 526 should read as follows: “Some of these probably recover spontaneously; many of them recover 
rapidly after birth as a result of a minimal term of treatment bj' abduction; perfect hips develop in at 
lea':t a few of them only after prolonged treatment”. 
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Wortl ha? rocciitly hcaai rorcivod from Afhcn*; of the formation of the Hellenic Orthopaedic Surgery 
and Traumntologj’ Association. The officer? of the ncvr .Association are: Dr. .Ath. Contargyris, .Athens, 
President; Dr. Micliael Chry.-'afi-. A'ice-Prc'idcnt ; Dr. .Ale.'c. Papadopoulos, Secretary; Dr. .Alex. Hadji- 
peorpion. Trc.asurer: and Dr. Luca- C'amharbonins, Recording sccretaiy. 


.At the animal election of the AVashington Orthopaedic Club, on May 10, the following officers 
were elected; Dr. Paul O’Donnell, President : Dr. Milton Cobo', Vice-President; and Dr. Everett J. Gordon. 
Secrctarj'-Treasurcr, all of AVa-shington, D. C. 


.An interesting program was pre-ented at the annual meeting of the Ohio State Orthopaedic Society, 
held in Columbus May 14 and 15. under the presidency of Dr. E. Harlan Wilson. The officers for the present 
year arc: Dr. Rudolph Reich, Pre.-idcnt: Dr. Joseph Freiberg, President-Elect; and Dr. J. I. Kendrick, 
Sccrctaiy and Trea-surer. 


Dr. J. E. M. Thora'on of Lincoln, Nebraska, was recently inaugurated President of the Nebraska State 
Medical .Association. Dr. Tliomson is also President of the .American .Association of Railway Surgeons, 
and is one of the teaching mission, touring Poland and Finland this summer under the aaspices of the 
World Health Organization. 


One of the highlights of the .Alumni Conference of the Hospital for Joint Diseases, New York, held 
cn May 24 25, and 26, was the Sir Robert Jones Lecture, presented this year by Sir Reginald Wat.«=on-Jont«. 
He sp<ike on “Death and Gron-th of Bone’’. .At the three morning sessions on Orthopaedic Surgeiy, presided 
over by Leo Mayer, M.D., Samuel Ivleinberg, M.D., and Harry D. Sonnenschein, M.D., interesting pro- 
gram-«= were presented. .At the afternoon session on May 26, at which Dr. Mayer presided, a seminar was 
presented on “Herniated Disc and Other Back Lesions . 


The Seventy-sixth .Annual Meeting of the American PubUc Health Association wiU be held in 
Boston November 8 to 12, 1948. This congress of professional pubUc health workere is the largest of its kind 
held anWhere in the world. It n-ill bo attended by representatives from all parts of the United States, from 
Canada' Cuba and Mexico, and from Latin .American countries. Delegates from Europe and .Asia are abo 
e.xpected Meeting wth the American Public Health .Association will be many related organizations which 
select the same time and place as the .Association for their annual meeting. Dr Re^nald M. .Atwater is the 
Association’s Executive Secretarj-, .^-ith offices at 1790 Broadway, New Aork 19, N. A . 


The United States Army Medical Department announces the availability of opportunities for 
advanced training and experience in the various special fields of medicine and surgery in overseas Army 
hospitals These Lspitals are registered «-ith the American Medical .Association, and this training may lie 
accepted bv the specialty board as part of the period usually required to be spent in limited practice and 
experience prior to admission for examination. Interested membem of the medical profession who have com- 
pleted the formal training requirements for certification m one of the special fields are eligible to apply for 

these^positions.ai^ are located in Germany and .Austria. These locations proride excellent facilities and equip- 
ment, a wealth of clinical material, and the ser^dees of xdsiting consultants who are outstanding six-cmli^-ts in 
the vkous fields of medical practice. In addition, opportunities vnll be afforded to obser^-e the work of notable 
scientists and ph>-sicians in German and Austrian Universities. 
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The applicant may avail himself of t.his training for periods of one, two, or three years. Prior military 
service is not required. 

Eligible physicians arc invited to communicate with the Surgeon General, United States Army, Wash 
ington 25, D. C., for further information. 


The Thirty-second Congress of the Societh Italiana di Ortopedia e Traumatologia was held ii 
Rome on October 25, 26, and 27, 1947, under the chairmanshii) of Prof. Marino-Zuco. The two principal sub 
jects for discussion were “Treatment of Spastic Palsy’’ and “Rare Osteopathies’’. Among the speakers on thi 
first subject were Prof. Znoli and Dr. Borollini of Genoa. Prof. Calandra of Palermo and Prof. Pcnnacchiett 
of Turin participated in the discussion. Tlic princijral speaker on the second subject was Prof. Casuccio o 
Bologna, who idustrated his presentation with material from the Istituto Rizzoli. Prof. Marino-Zuco and hi; 
associates also gave a preliminary report of results of the use in Italy of streptomycin in the treatment of bont 
and joint tuberculosis. 

The thirty-third meeting of the Society will be held in October 1948, in Bologna, with Prof. Delitala a; 
Chairman. 


The International Society of Orthopaedic Surgery and Traumatology will hold its Fourth Con- 
gress in Amsterdam on September 13 to 18, with headquarters at the American Hotel. On Tuesday, Septem- 
ber 14, the subject for discussion will be “Treatment of the Deforming Arthritidcs of the Hip’’. The discusser; 
will be Professors Padovani (France), Zahradnfeek (Czeciroslovakia), La Chapelle (The Netherlands), Del- 
chef (Belgium), Wiberg (Sweden), Mathicu (France), and Smith-Pctei-scn (U.S.A.). On Wednesday, Septem- 
ber 15, “Occult Traumatisms of the Vertebral Column” will be discussed bj’- Professors Nicoll (Great Brit- 
ain), Bohler (Austria), Pais (Italy), Incldn (Cuba), and San Ricart (Spain). Tliursday and Friday, Septembei 
16 and 17, will be devoted to papers and case presentations, and operating sessions in the hospitals of Am- 
sterdam. On Saturday, September 18, visits will be made to the orthopaedic clinics at Rotterdam, Leiden, 
Nijmegen, and the University of Utrecht. 

Dr. Henry W. Meyerding, President of the Congress, invites anj’’ orthopaedic surgeons from the United 
States who may bo in Europe during that week to attend the scientific sessions and social functions of the 
Congress. Those surgeons who are planning to attend this Congress should notify Dr. Henry W. Mej’-erding, 
102 Second Avenue, S. W., Rochester, Minnesota; Dr. Jean Delchef, Secretary General, Rue Montoyer 34, 
Bruxelles, Belgium; and Dr. .1. D. Mulder, Secretary of the Congress, Vondclstraat 75, Amsterdam, Holland. 


THE AMERICAN ORTHOPAEDIC ASSOCIATION 

The Sixty-first Annual Meeting of The American Orthopaedic Association, under the presidency of Dr. 
R. I. Harris, was held at the Chateau Frontenac, Quebec City, June 3 through 6, 1948. This was also the first 
combined meeting of the American, British, and Canadian Orthopaedic Associations. An excellent program 
had been prepared by the Program Committee under the chairmanship of Dr. J. L. McDonald, and many 
excellent papers were presented by members of the three Associations. One of the features of the meeting was 
an exhibition (see page 790) of the work of Dr. Tait McKenzie, who was well known to manj’ members of 
the three Associations. 

The program follows: 


Thubsday, June 3 


Morning Session 

Brief Address of Welcome, by R. I. Harris, M.B., President of The American Orthopaedic Association, to 
members and guests of the three Associations. 

Introduction of Mr. Philip Newman, F.R.C.S., representing the Nuffield Travelling Fellows. 

Aseptic Necrosis of Bone Following Trauma. 

Edward L. Compere, M.D., Chicago, Illinois. 

Management of the Aseptic Necrotic Head of the Femur in Adults. 

Dallas B. Phemistcr, M.D., Chicago, Illinois. 

Fractures of the Neck of the Femur Treated by Smith-Petersen Pin Plus Fibular Graft. 

J. Patrick, F.R.C.S., Glasgow, Scotland. 

Further Comments on Aseptic Necrosis of the Femoral Head, Sequel to Intracapsular Fractures. 

W. W. Plummer, M.D., Buffalo, New York. 

Discussion; H. Jackson Burrows, F.R.C.S., London, England; 

Robert W. .Tohnson, M.D., Baltimore, Mar3’land; 

J. Albert Key', M.D., St. Louis, Missouri; 
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OhIIms B. Plii'iiiistcr, M.I) : 

Pnlrick, K.B.C.S.; 

W. W. Pliiniincr, M.I). 

PuBtnx'h.'intcrie I.*'): .Sliortcninc. 

Ijiwson Thornton, ^I.D., Atl.intn, Gporpi.*! 

Discussion: \\ niter P. Blount, M.D., Milwaukee, Wisconsin: 

.1. Wnrren Wliite, M.D.. Grecn\-ille, South Carolina; 

.1. Albert Key, M.D., St. Louis, Mis.souri; 

.luan Farill, M.D., Mexico City; 

Dawson Thornton, .M.D. 

Xooti 

First Fxecutive Se.'.-^ions of the .Vmeriean, British, and Canadian Orthopaedic Associations. 

Aflrnionn t'cssion 

Osteoid O.stcomat A Clinical-Pathological Study of a Scries of Cases. 

Malcolm Dockerty, M.D., Roche.-ter, Minnesota (b3’ invitation); 

Ralph K. Ghomilcj', M.D., Rochester, Minnesota. 

Discus.sion: T. Camplicll Thompson, M.D., Xew York, X. Y.; 

R. K. Ghormlev-, .M.D.; 

Fn'mont .\. Chandler, M.D., Chicago, Illinois; 

George E. Bennett, M.D., Baltimore, Maryland. 

.-Vrihrodesis of the Hip — Ischiofemoral .Method. 

II. .-V. Brittain, F.R.C.S., Norwich, England. 

Discussion: Joseph .\. Freiberg, M.D., Cincinnati, Ohio: 

Wallace H. Cole, M.D., St. Paul, Minnesota; 

E. S. Evans, F.R.C.S., .\lton, England; 

K. H. Pridic, F.R.C.S., Bristol, England; 

Leo Mav’er, M.D., New York, N. Y. 

H. S. Coulthard, M.D., Weston, Ontario. 

The Management of Incipient Epiphj-seolisthesis of the Hip. 

S. Ixleinberg, M.D., New York, N. Y. 

Slipping of the Upper Femoral Epiphv-sis. 

Beckett Howorth, M.D., New York, N. Y. 

Treatment of Slipping of the Upper Femoral Epiphv-sis. A Study of the Late Results in Fortv--two Cases. 

Clarence H. Hov-man, M.D., Cleveland, Ohio. 

Roentgenographic Changes in Nailed Slipped Capital Femoral Epiphysis. 

.\rmin Klein, M.D., Boston, Massachusetts; 

Robert J. Joplin, M.D., Boston, Massachusetts (bv' invitation); 

John A. Reidv-, M.D., Boston, Massachusetts (by invitation); 

Joseph Hanelin, M.D., Boston, Massachusetts (bv- invitation). 

Discussion; Philip Wilson, M.D., New- Tork, N. Y.; 

Robert J. Joplin, M.D.; 

J. ..Mbert Kc3-, M.D., St. Louis, Missouri; 

S. Kleinberg, M.D.; 

Beckett Howorth, M.D.; 

Clarence H. He3-man, M.D. 

Fkid.vt, June 4 

Morning Sefsion 

Osteo-.Arthritis of the Hip Joint. Rev-iew of Over One Hundred Cases Treated by .Arthroplasty. 
.Alexander Gibson, M.D., Winnipeg, Manitoba. 

Discussion: Paul C. Colonna, M.D., Philadelphia, Penns3-lvania; 

M. N. Smith-Petersen, M.D., Boston, Massachusetts; 

K. H. Pridie, F.R.C.S., Bristol, England; 

.Alexander Gibson. M.D. 

The Etiology- of Peroneal Spastic Flat-Foot. 

R. I. Harris, M. B., Toronto, Ontario; 

Thomas Beath, M.D., Columbia, South Carolina (by inv-itation). 

Discussion: S. .Alan S. Malkin, F.R.C.S., Nottingham, England; 

Joseph S. Barr, M.D., Boston, Massachusett.s; 

R. I. Harris, M.B. 


VOL. 30..V. XO. 3. JULY lOtS 



796 


NEWS NOTES 


A Follow-up Study of Results iu Fascial Arthroplasties of the Knee. 

J. S. Speed, M.D., Memphis, Tennessee; 

Philip C. Trout, M.D., Roanoke, Virginia (by invitation). 

Arthroplasty of the Knee Joint — End Results. 

J. Edouard Samson, M.D., Montreal, Quebec. 

Discussion: Sir Reginald AVatson-Jones, F.R.C.S., London, England; 

Joseph A. Freiberg, M.D., Cincinnati, Ohio; 

Mather Cleveland, M.D., New York, N. Y.; 

George E. Bennett, M.D., Baltimore, Maryland; 

Harold B. Boyd, M.D., Memphis, Tennessee: 

J. Edouard Samson, M.D. 

Greetings from the United Kingdom by S. Alan S. Malkin, F.R.C.S., President of The British Ortho- 
paedic Association. 

Changes in Elastic Adipose Tissue. 

J. G. Kuhns, M.D., Boston, Massachusetts. 

Discussion: A. AAk Fai’mer, M.D., Toronto, Ontario; 

J. G. Kuhns, M.D. 

End Results of Physiological Blocking of Flail Joints. 

Alberto Incldn, M.D., Havana, Cuba. 

Discussion: Fremont A. Chandler, M.D., Chicago, Illinois; 

Alberto Incldn, M.D. 

Afternoon Session 

Fracture-Dislocation of the Pelvis. 

F. W. Holdsworth, F.R.C.S., Sheffield, England. 

Discussion: H. Earle Conwell, M.D., Birmingham, Alabama. 

Developmental Coxa A^ara. 

A. B. LeMesurier, M.D., Toronto, Ontario. 

Discussion: AVilliam T. Green, M.D., Boston, Massachusetts; 

J. Albert Key, M.D., St. Louis, Missouri; 

Isadore Zadek, M.D., New York, N. Y.; 

A. B. LeMesurier, M.D. 

Treatment of Some Irreducible Congenital Dislocations of the Hip. 

Juan Farill, M.D., Mexico City. 

Arthrography in Congenital Dislocation of Hip. 

F. C. Durbin, F.R.C.S., Exeter, England. 

Discussion: H. R. McCarroll, M.D., St. Louis, Missouri; 

M. N. Smith-Petersen, M.D., Boston, Massachusetts; 

Paul C. Colonna, M.D., Philadelphia, Penns3dvania; 

AValter P. Blount, M.D., Milwaukee, AA^sconsin; 

Juan Farill, M.D. ; 

F. C. Durbin, F.R.C.S. 

Arthrodesis of the Ankle Joint. 

AV. E. Gallie, M.D., Toronto, Ontario. 

Discussion: Alan DeForest Smith, M.D., New York, N. Y.; 

Dallas B. Phemlster, M.D., Chicago, Illinois; 

Thomas Beath, M.D., Columbia, South Carolina; 

J. Albert Key, M.D., St. Louis, Missouri; 

AV. E. Gallie, M.D. 

Some Aspects of Metabolic Bone Diseases. 

Fuller Albright, M.D., Boston, Massachusetts (by invitation). 

Estrogens and Bone Formation in the Human Female. 

Mary S. Sherman, M.D., Chicago, Illinois (by invitation); 

C. Howard Hatcher, M.D., Chicago, Illinois. 

Discussion: A. R. Shands, Jr., M.D., AVilmington, Delaware; 

Fuller Albright, M.D. 


SATUnD.VV, JUWE 5 


Morning Session 

Congenital Discoid Meniscus. 

I. S. Smillio, F.R.C.S., Edinburgh, Scotland. 
Knee-Joint Changes After Meniscectomj’. 

T. J. Fairbank, F.R.C.S., Reading, England. 
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Di'^ouitMon: .loM pli S. H;irr, M.l) . M.i-.u-hn.-ctts- 

JI. M. (’(ilcni.'in, .M,/) , '(..i,.! <iiit;irio: 
iMluiti I'. C .'ivOt M'i'.';u*husett.s^ 

.1. Alhi'rt Key, M.l) . Sr I .Mi-mhiH; 

Lcwiri, M.l).. CIii.Mr;, , 

I. S. Siiiillic', F H.C S.. 

T. .1. l'j\irl);ink. F.H CS. 

Conijrn'.'-.vifiii Arlirnriir-.-j'; of Knrr. 

.lolin C’li;inili-y, F.H.C.S., Maiir li.-i. r, I.iu’I.-iikI 

D^ou'^-ioii: .1. Alln-rt Ki y. .Ml). St Lotii;;, .Mw-outn: 

Cicorpi' . N. l.ppcr-', M 1).. foihc.'iton, Tr.va.?,' 

Donald F^. Starr. M.l) . \ aiif<iuvpr, Briti.sh Columbia; 

.lolin Cliarnloy. F.R ( '..s. 

Troatmont of (.orviral I'rat'turo arid I'rai’tiin.-I)i.^iocation. 
illiani A. Hopors, M.l).. Holton. M:i.''arhu?ctt.«. 

Tn\itmcnt of I'r.trtim’-DhUicatioit^ <,( ()„■ Cec^^cal Vertebrae by Skeletal Traction and Fusion. 
np.'Ult.^ Ton Years Datcr 
W . G. Turner, M.l)., Montreal, (^uetn'e, 

William Cone, M.D., Monire.al, (juebt'f thy inraiation). 

Di.seus.sion: F. .A. Nieoll, F.U.C.S.. Manelie-ster, England: 

Carl E. Ba'Igley, M.D., .Ann .Arbor, Michigan; 

Paul H. Steele. M.D., Pitt.sburgh, Pennsylvania; 

V. H. Ellis. F.K.C.,S., London, England; 

William .A. Roger-', .M.D.; 

W. G. Turner, M.D. 

Greetings from Canada by .1. Edouard .Samson, M.D., Prc.sident of The Canadian Orthopaedic Asso- 
eiation. 

Organization of an Accident Setadee. 

W. Gi.s.sane, F.R.C..S., Birmingliam, England. 

Diseu.ssion: .John .A. Hcborling, M.D., Pittsburgh, Pennsylvania. 

Prc.sidential -Addrc.s.s. 

R. I. Harris, M.B., Toronto, Ontario. 

flemoon Sc^’sion 

A conference of teachers of orthopaedic surgery-, spoasored and arranged by the Committee on Under- 
graduate Training in Orthopaedic Surgery of The .American Orthopaedic Association. 

-A. Bruce Gill, M.D., Philadelphia, Pennsylvania. Chairman, assisted b}- Professor George Per- 
kins, I'.R.C.>S., London, England. 

Introductory Remarks. 

A. Bruce Gill, AI.D, 

Objectives of Undergraduate Orthopaedic Teaching. 

-A. R. Shands, Jr., M.D., Wilmington, Delaware. 

The WTll-Balanced Curriculum of Undergraduate Orthopaedic Teaching. 

Robert W. Johnson, .Jr., M.D., Baltimore, Maryland; 

William T. Green, M.D., Boston, Massachusetts. 

The Use of Audio-A'isual Aids in the Teaching of Orthopaedie Surgeo'- 
Fremont A. Chandler, M.D., Chicago, Illinois; 

Joseph S. Barr, ALD., Boston, Massachusetts. 

The Relationship of the Division of Orthopaedic Surgery ndth the Division of General Surgerr- 
and Other Divisions in the Medical School and Teaching Hospital. 

Carl E. Badglc}', M.D., -Ann Arbor, Michigan; 

Don King, M.D., San Francisco, California. 


SrxD.vT, JuN-E 6 

orning Sesmon 

Surgical .Approaches to the Shoulder Joint — .Audio-A'isual Presentation. 

LeRoy C. Abbott, M.D., San Francisco, California; 

John B. deC. M. Saunders, M.B., San Francisco, California fby inr-itation); 
Helen Hagey, M.D., San Francisco, California (by inritation) ; 

Ellis W. .Jones, Jr., M.D., San Francisco, California (by inritation). 
Anatomical Investigation in Lumbar-Disc Degeneration. 

Sten Friberg, iM.D., Stockholm, Sweden (by invitation). 


L. 30-.V. XO. 3, JULY 194S 



798 


NEWS NOTES 


Discussion; Josepli S. Barr, M,D., Boston, Massaciiusetts; 

J, Albert. Key, M.D., St. Louis, Missouri; 

Sten Friberg, M.D. 

The Use of E.xlernal Pin Fi.x-nUon in Late Conijjound Fractures Due to War Wounds. 

E. C. Janes, M.D., Hamilton, Ontario. 

Discussion: John R. Moore, M.D., Philadelpliia, Pennsylvania. 

Treatment of Fractures of the Shaft of the Femur. 

Edvard Harlan Wilson, M.D., Columbus, Ohio. 

Discussion: Jolin Ciiarnlej', F.R.C.S., Manchester, England; 

K, H. Pridie, F.R.C.S., Bristol, England; 

Edward Harlan Wilson, M.D. 

Denerv^ation of the Elbow Joint for Relief of Pain. Preliminary Report. 

James E. Bateman, M.D., Toronto, Ontario. 

Discussion: J. Albert Key, M.D., St. I.,ouis, Missouri; 

James E. Bateman, M.D. 

Case Report of Pcdiclcd Nerve Graft with Discussion on the Applicability of Procedure. 

F. G. St. Clair Strange, F.R.C.S., Follceslone, England. 

Discussion: James E. Bateman, M.D., Toronto, Ontario; 

Paul B. Steele, M.D., Pittsburgh, Pennsjdvania; 

R. I. Harris, M.B., Toronto, Ontario; 

F. G. St. Clair Strange, F.R.C.S. 

Elephantiasis Associated with Congenital Bands in Children. 

A. W. Farmer, M.D., Toronto, Ontario. 

Discussion: William T. Green, M.D., Boston, Massachusetts; 

A. W. Fanner, M.D. 

Scoliosis Complicated with Paraplegia. 

K. G. McKenzie, M.D., Toronto, Ontario (by invitation); 

F. P. Dewar, M.D., Toronto, Ontario. 

Discussion: Arthur Steindlcr, M.D., Iowa CiH, Iowa; 

F. P. Dewar, M.D. 


Noon 


Final Executive Sessions of the American, British, and Canadian Orthopaedic Associations. 


Ralph K. Ghormley, M.D., Rochester, Minnesota, is President of The American Orthopaedic Associa- 
tion for the year 1948 to 1949. 

At the final E.xecutive Session of this Association, the following officers, members of committees, and 
delegates were elected : 


Officers 


President-Elect; Robert W. Johnson, M.D., Baltimore, Maryland; 
Vice-President; George W. Van Gorder, M.D., Boston, Massachusetts; 
Secretary; C. Leslie Mitchell, M.D., Detroit, Michigan; 

Treasurer; Prank D. Dickson, M.D., Kansas City, Missoui'i. 


Committee Members 

Membership Committee: Frederic C. Bost, M.D., San Fi-ancisco, California; 
Program Committee; John R. Moore, M.D., Philadelphia, Pennsylvania; 
Research Committee: W. Ward Plummer, M.D., Buffalo, New York. 


Delegate to (he American College of Surgeons 
Philip D. Wilson, M.D,, New York, N. Y. 

Representatives on the American Board of Orthopaedic Surgery 
T. Campbell Thompson, M.D., New York, N. Y,; 

J. Warren IVliite, M.D., Greenville, South Carolina- 

The following were elected to active membership in The American Orthopaedic Association. 

John R. Cobb, M.D., New York, N.Y.; 

Moses Gellman, M.D., Baltimore, Maryland; 

Charles Edwin Irwdn, M.D., Warm Springs, Georgia; 

Robert Lee Patterson, Jr., M.D., New York, N. A.; 

Charles R. Rountree, M.D., Oklahoma Cit 3 ', Oklahoma, 

Harold A. Sofield, M.D., Chicago, Illinois; 

Heniy Herman A^oung, M.D., Rochester, Minnesota. 

the jooh.n'Al of bonh and joint sunonnY 



Book Reviews 


Handrook OS' l'K\i-rnu>. Dunraii Kw, Jr., M.D., F.A.C.S., in rollaboration with Trimble Sharber, A.B., 

M.D. St. Louis, C. V. Mo'lty Company, 1017. .?.5.00. 

Thii haiullmok on tlie diagnosis and treatment of fracturc.s i® one of several which have appeared within 
the past few years. It represents methods of liandling indi\'idual fractures which the author has found most 
{ effective, tind it is obvious that his evporicncc ha.s been broad. The teaching is didactic and dogmatic, but it 
doo.s ri'present tlie evporicnce of one man with methods which, in his hands, have proved effective. The gen- 
eral jirinciples of fractures are discus,sed, as are the general principles and fundamentals of treatment of frac- 
tures. Thoa' arc .“hort chapters on the application of plaster, open reduction, and internal fi.xation of frac- 
tures; and practic.ally all fractures arc dealt with as n'gards manipulative treatment and external fi.xation. 

There are many ways to treat the individual fracture, and some experienced surgeons will undoubtediv 
disagree with .some of the methods advocated in this small book. Certain surgeons would question the value 
of the inlay bone graft. Others would di=eouragc the use of local chemotherapj" in wounds. The use of petro- 
latum gaure in wounds might be questioned by some. The u=e of the hanging cast Ls advocated for certain 
fractures of the shaft of the humcru=. 

The book i= too small to give much detail in the way of end-result studies, and no statistics are presented 
to back up the opinions which the author advances. Therefore, one must conclude that the book is based upon 
the opinion of one man, working in a large industrial area, and that the methods, by and large, have prox'ed 
satisfactory in his hands. The book will prove u=eful, particularly for the young general surgeon and the gen- 
eral practitioner, and can be rc.ad with benefit, along with similar books which present the treatment of frac- 
tures in a somewhat different light. 


XorVELLE- TECn.VIQtrE' DE TUXITEttENT DES FtLXCTTHES. MeTHODES ORTHOPEDIQUES. ReDECTIOX OCX's 

LEs CADRES DE TRACTiox. Sv.NTHESEb A ArExiMA: BROCHAGEs, E.xcLOUAGEs. H. Godard et R. Michel- 

Bf'chet. (Preface du Professeur J. Leveuf.) Paris, G. Doin et C", 1948. 1,.500 francs. 

Entitled “new techniques”, this volume is concerned with the exposition of a modified form of intra- 
medullaiy pinning by Kirschner wires, the method of so-called “minimal sj'nthesis”. The authors believe that 
reduction by skin traction is not adequate and that reduction by open operation is not de.sirable. They recom- 
mend reduction by skeletal traction by means of Kirschner wire, with roentgenographic control. Mainte- 
nance of the reduction is accomplished b}’ means of intraraedullarj- pinning and application of plaster while 
traction is being maintained. For intramedullary pinning, the Ivirschner wire is preferred to the Kuntscher 
nail, because it is more pliable, of smaller diameter, and therefore less traumatizing to the medullary tissues. 

The second portion of the book is devoted to a study of the osseous reactions to pinning. The authors 
show that intramedullary pinning stimulates intramedullary callus formation. When the pin perforates an 
epiphv.scal line, a slight retardation of growth takes place. Because of the small diameter of the wire, this 
.seldom exceeds 3 to 9 per cent, of the total length of the femur in e\-perimental rats. With the passage of time, 
this becomes minimal, so it is concluded that the wire may be passed through the epiphyseal plates into the 
diaphysis without material damage. 

Bv far the largest part of the book (more than 80 per cent.) is devoted to a study and de.=cription of the 
methods used in the treatment of individual fractures. The chapters on the treatment of supracondylar 
fractures of the humerus, fractures of the forearm bones, and fractures of the femur are particularly com- 
mendable. 

Directions for undertaking the various procedures arc lucidly set forth. The work is profusely illu=trated 
with excellent roentgenograms and line drawings. .-Vs an e.xposition of the authors’ technique, it warrants 
careful reading by eveiy one interested in the meticulous treatment of fractures. 


Surgical P.athologt. Ed. 6. William Boi-d, M.D.; M.R.C.P. (Edin.); F.R.C.P. (Land.); LL.D. (Sa=k.); 

M.D. (Oslo) ; F.R.C.S. Philadelphia, W. B. Saunders Company, 1947. $10.00. 

In this sixth edition, the author has brought his subject up to date. The surgery of today Ls ba=cd on 
pathologj'. There is no te.xtbook that can be of more help to the surgeon than this one. 

An entire new section has been written on the surgical pathologj- of the heart; it deals chiefly with con- 
genital heart disease. The congenital defects resulting in pulmonary EtenosL=, patent ductus arterirmi-, and 
coarctation of the aorta are explained, and the surgical procedures now carried out are de=cril>ed. 

.\mong the other new material included in this volume are sections on tumors of the larynx, pinealoma, 
Bittner’s milk factor in relation to breast carcinoma, aWtaminosis in cancer of the mouth, the method of 
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diagnosis of carcinoma of llic cervix l)y rapanicolnoii vaginal smear, fil)rou.s d.ysplasia of bone, inflammatory 
nodules of muscle in chronic ardiritis, and fibroHilis of the hack. 

Boyxl has revised many sections of (he j)revious edition. As before, he .summarizes the clinical features 
with the pathological proce.s.s, for (he benefit of the reader. 

Again, we wi.sh to recommend this book to all surgeon.s. 


Source Book oe OnTiioi'AEmc.s. Ed. 2. Ifdgar M. Biek, iM.A., M.D., F.A.C.S. Baltimore, The Williams 

and Wilkins Comjiany, 19-18. 88.00. 

The new edition of (his valualile iiook will be welcomed es])(>cial!y by those who have known Dr. Bick’s 
earlier work. 

The book has been entirely reset, and many ehapter.s have been revised. In Part II, dealing with Con- 
temporary' Orthopaedic Surgery, much new material has been added, — such as the .section on Reparative 
Osteogenesis in (he chapter, “Physiology", and the new chapter, “Morphology and Genetics". 

The advances in treatment of bone and joint conditions within the last ten years have made necessary 
the revision of many of the chapters in this Part. The .sc'ction.s devoted to Frnctwvs and Bone Surgery have 
been greatly enlarged. New chapters have been added on Surgery of (he Articulation.?, Special Surgery of the 
Hip Joint, and Surgery of the Neuromuscular Ajiparat us. 

Tlic reading of this new edition again impresses one with the I'ccognition of fundamental principles by 
pioneers in this branch of medicine throughout the centuries. Beginning with Greek and Roman practice, 
the treatment of diseases of the bones and joints and of congenital and acquired deformities has constantly 
changed with newly acquired knowledge and the availability of newer methods and refinements of tech- 
niques. However, running through (hb account of the sources of our present understanding is the evidence 
that those who early sought to relieve the conditions which they were called upon to treat, although with 
fi’agmentary knowledge and lack of equipment and of the advantages of modern surgery, recognized the 
same principles which underlie present-day treatment. 

Orthopaedic surgery, as we know it today, is the blending of contributions, not only from surgeons, but 
from many who have been known for their work in the basic sciences, general medicine, and other allied fields. 
This comprehensive account of its development represents a tremendous amount of study and research. It 
is interesting reading and a valuable reference book. 


OSTEOPHTHISIS PeLVIS ET FEMOKUAf. ZUGLEICH EIN BeITRAG ZUR FrAGE DER SPONTAKEN RtfCKBILDUNG , 
ArALiGrtER Tumoben. (Bd. 1, Weiner Beitrage zur Pathologic und pathologischen Anatomic.) Dr. GotB 
fried Hartmann. Wien, Wilhelm Maudrich; New York, Gruno and Stratton, 19-17. S5.00. 

The title implies complete disappearance of the bony structuies of the pelvis and of both femora. The 
author describes in detail the clinical, rocntgenograpliic, and autopsy' findings of a most unusual case. A 
woman, forty-nine years old, was admitted to the hospital in September 1941, with chief complaints of 
anorexia, dy'spnoea, and cardiac and epigastric distress; no hematemesis had occuri'ed. The clinical examina- 
tion revealed a fairly well nourished patient, moving around on crutches. The heart was enlarged. The lungs 
were free and clear. There were no palpable masses in the abdomen. The liver and spleen were not enlarged. 
The pelvis showed no bone resistance. Roentgenographic study revealed complete absence of the bony' struc- 
tures of the pelvic girdle and the femora; the appearance of the gastro-intestinal tract suggested a neoplastic 
invasion of the lower half of the stomach; no obstruction was noted. General anasarca and ascites developed, 
and the patient died about two months after admission. 

The story of this case begins with the first e.xamination in 1908, when the patient was sixteen years old. 
She was then treated by' Professor Lorenz for tuberculous co.xitis, following a fall. The first roentgenograms, 
in 1910, showed complete absorption of the left half of the pelvis and of the femoral neck and head, except for 
the left iliac bone. The left leg was eight centimeters shorter than the right. This condition was progressive, 
so that in 1913 the patient was unable to use her right leg. There was no pain. Roentgenographic study in 
1919 (when the patient was twenty-eight years old) disclosed complete absorption of the entire pelvic girdle, 
lower lumbar vertebrae, and femora. Professor Kienbbck presented this case before the Medical Society and 
reported it in the literature as echinoccoccus disease of the bone. E.xcept for the bone changes, the patient nas 
clinically' well. She married and a healthy' infant was delivered by Caesarean section in 1924. Three yeais 
later, the patient had another section at term; the infant was normal. Following the second section, the tubes 

A summary' of the autopsy findings was as follows: (1) scirrhous, linitis plastica type of carcinoma 
entire stomach and of the lower portion of the esophagus; (2) carcinomatosis of the peritoneum luit o lO 
retroperitoneal glands; (3) hypostatic pneumonia; (4) verrucous endocarditis 

of the brain; (G) chronic cystopyclonephritis; (7) abscess of the gluteal muscles or ^ ' 

nhthisis of the bones of the pelvis and both femora, etiology undetermined; and (. ) .secont ary anaem . 

"^ Detailed irtological studies of the specimens of the bones and of the stomach revealed a lymphangntic 
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lyiK? of srirrhoin nirrinoma, rosemhling a linitis plastica. Xo ulcers were found. Study of the bones showed 
n'placenient of tlie l)otiy .structure.« by connective ti.«.«uc, witli i.slands of tumor cells and occasional calcium 
U'sidua. Many of the vc.-iscls .‘:howc<l ncopla.stic emboli. Some arca.s of the femur suggested bone regeneration 
and an attempt at fibrous healing or replacement of the neoplastic metastatic lesions. The author attempts 
to explain the bone mct,ast.a.ses a,s a single lymphogenous spread to the bones, the original gastric lesion having 
liecn small. The condition was kept in check by .some endocrine factors (puberty and pregnancies). The 
growth of the metastases in the bones produced alkalosis and calcium ionization which, in turn, kept the 
original Ic.'ion localized until it spread rapidly in the fifth decade (climacteric). The interplay of endocrine 
and metabolic factors, in Hartmann’s opinion, produced this unusual result. 


The .\sErTic TnE.xTMEST of Wouxds. Carl W. Walter, A.B., M.D. Xew York, The Macmillan Companv, 

194S. S9.00. 

“The .a.«optic treatment of the wound in the operating room is the culmination of so much dail 3 ' thought 
and effort on the part of those to whom the rcsponsibiliU' for its details has been relegated that most surgeons 
think of asepsis onU’ as the u.'c of rubber gloves and a few sterile drapes.’’ In this sentence. Dr. Walter out- 
lines the scojx? and theme of his book, which is one of the Macmillan Surgical Monographs, edited by the late 
Elliott C. Cutler. 

The book contains 372 pages and 21 chapters and can be divided into the following sections: 

1. The Dnxlopmenl of the Coneept of Asepsi.^: Here is an excellent chronological review of the evolution 
of asepsis; it is graphically outlined with pertinent information, and suffi.xed with references. 

2. Chemical Dcstniciion of Bacteria: The market today is flooded with manj' kinds of chemical germi- 
cides. Dr. Waller gives a verj’ good evaluation of the commonh- used germicides and a list of those which 
cannot lie depended upon. The new sjmthetic phenol compound, “G-11 ’’, is described. When added to liquid 
soap: “Two minutes’ scrubbing with the mixture (liquid soap and 2 per cent. G-11] lowers the resident count 
more than twentx- minutes’ scrubbing with ordinarx' toilet soap”. 

3. Physical Destruction of Bacteria (mechanical processes, heat, and steam) : Dr. Walter is one of the first 
to emphasize the importance of the “chain of asepsis” and to point out the manj- possibilities of “leaks” in 
this chain. Everx- method of heat and steam sterilization is illustrated and explained. Emphasis is laid on the 
importance of understanding the mechanical equipment in the sterilizing room, knowing that the equipment 
functions properh- and that it is being constanth- inspected and maintained. “Leaks” in the chain of asepsis 
may and do occur in the sterilizing room. Excellent illustrations demonstrate the preparation of surgical kits, 
dressings, and drapes. The technique of sterilization is discussed. 

4. Operating-Room Technique: This section is particularly good for teaching. Representative procedures 
in the operating room are covered, step by step, with many clear sketches. Surgeons are reminded again of 
the relative inefficiency of the surgical mask, and convincing figures are given to show the increase in con- 
tamination which occurs when loud talking, coughing, or forceful expiration is indulged in at the operating 
table. 

5. Central Supply: The total plan of the central supph' room, its technique, and functions are carefullx- 
and thoroughh- outUned. 

In the total picture of aseptic treatment of wounds, more emphasis max- hax-e been gix-en to wound 
phx-siologx’ and the tremendous part that untraumatized and xital tissue play in the “a-septic” treatment of 
wounds. There are a few x-ery minor points in operating-room technique that max- be controx'ersial, but this 
does not take awaj' from the tremendous x-alue of Dr. Walter’s work. 

This monograph is a distinct contribution to surgical teaching; it is timelx', complete, accurate, excel- 
lently illustrated, and clearly presented. It goes far bex'ond its e.xpressed purpose as a te.xt for medical-school 
courses in surgical teaching, and should be read by the busx- surgeon, the house staff, the operating-room 
supeiwisor, and the hospital engineer. 


Skelet.xl TuBERctmosis. Vicente Sanchis-Olmos, M.D. (Translated from the Spanish by John G. Kuhns, 

M.D.) Baltimore, The Williams and Wilkins Company, 1948. -So.OO. 

This book represents an extensix'e studx' of the problem of skeletal tuberculosis. It is dix-ided into two 
parts. The first part deals with the pathogenesis, pathological changes associated xvith the disea.se, etiological 
factors, and basic considerations in diagnosis, prognosis, and treatment. The second part, under the heading 
of “Special Subjects”, considers indix-iduallx' the x-arious joints and bone structures in which the disease may 
be manifested. 

In the first part, much of the discussion is based on theory rather than on prox-ed scientific facts. .\ X'a.=t 
working knowledge of the medical literature, both European and American, is indicated. The references 
represent principallx- material written bx- European surgeons, gix-ing the ax'erage American reader an iasight 
into their line of reasoning which he has not heretofore enjox'ed. 

The second part, dealing indixiduallx- xvith the x-arious anatomical areas, represents a repetitious r&ume 
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of material which could be comlonsed without loss of value. Under each of these areas, the pathology, roent 
genographic appearance, symptomatology, differential diagnosis, and prognosis are discussed in detail. Thi 
entails a repetition of material from otic part to the ne.vt, and a repetition of material previously covorei 
under the general discussion in Part I. ’’I'lie treatment of the various lesions is covered only in generalities 
If this is to be considered as a complete te.\t or rehu'cnce book flealing with .skeletal tuberculosis, it .seems rea 
sonable that a short paragraph, outlining the steps of the actual optuative procedures useful in each type o 
lesion, might be included. A residemt surgeon, prt'paring to perform his first arthrode.sis of a tuberculous hi] 
cannot tui ii to this book for help. This decrea.ses its value as reference material. 

This book is inibli.s]ied under the date of 1918; 3'ct, ns is true in so manj’ instances, it is out of date befor 
it can be published, since recent important develoi)ments arc not included. The po.ssiblo value of strej)tomycii 
in the therapeutic management of this di.sea.se is not even mentioncfl. This drug apparentlj’’ has no effect oi 
the destructive process itself and, in the light of our pre.sent knowledge at least, fails to alter the status of th 
bone or joint le.sion. Its value in the management of .s{>eondai3'.soff-ti.s.sue manifestation.s, however, cannot b 
questioned. No treatise dealing with skeletal t uberculo.sis can be regarded as modern without consideratioi 
of the use of this drug. 

The purpose of the publication is stated to lie "what is new or little known on the subject of tubcrculosi 
of the bone”. It accompli.shes this purpose, although the “new” in man^' instances is represented by theor 
rather than fact. It Avill be of great value from an academic standpoint as a reference book for the student o 
skeletal tuberculosis. From a purely practical standpoint, it will be of little value to the practitioner o 
orthopaedic surgeiy. 


Disability Evaluation Principles of Tre.vtjient of Co.mpensable I.vjuries. Ed. 4. Earl D. McBride 

B.S., M.D., F.A.C.S. Philadelphia, J. B. Lippincott Compaiy, 1948. 812 00 

Previous editions of this work have placed it in an authoritative position as a manual for the propei 
evaluation of disabilit3L Insurance companies and State Accident Commissions use it as a guide and source 
of information. It is a tremendous accomplishment, and the reviewer was impressed b3' the great amount oi 
work necessar3’ to produce this concise, well organized, definitive treatise. 

As Dr. McBride states: “To appreciate the effects of deformit3' and to pass judgment on disability n 
practical anal3'sis must be made of the altered anatomic form and the functional effect of the mechanical 
alterations”. 

The chapter, “The Doctor as an E.xpcrt Witness”, should be read b3" evei-3' practitioner who is calleci 
upon to testify in disability controversies. An insert of thirt3^-eight pages details the “Author’s Composite 
Schedule of Approximate Evaluation for Partial Permanent Disabilit}'”. His method is based on function,— 
in other words, what can the patient do. He anal3'zes these factors. 

McBride also presents the piinciples of treatment of disabling injuries. It might be well to delete this 
portion of the book entirel3L The work on disability rating is outstanding and authoritative, in itself a subject 
difficult to master. The addition of treatment to this encyclopedic volume detracts from, rather than adds to, 
its value. 


The Foot and Ankle. Their Injuries, Diseases, Deformities and Disabilities. Ed. 3. Philip Lewm, 

M.D., F.A.C.S. Philadelphia, Lea and Febiger, 1947. .811.00. 

The third edition of Dr. Lewin’s book is a complete revision of his previous work. The experience of the 
author in World War II, as well as his study of methods used in other military hospitals, is the basis for 
many of the sections added in this edition. Tliey are representative of the newer concepts of etiolog3', the 
advance in research in chemotherapy, and improved surgical techniques. 

Man}^ illustrations have been added, most of them reproduced from surgical journals, featuring the ncvci 
methods of treatment pi-esented by various authors in recent years. 

The e.xcellent bibliography is valuable for the reader who wishes to locate individual articles on these 
subjects and to pursue his studies on foot conditions. Dr. Lewin states that “with very few exceptions, no 
reference is included that has not been read by the author”. 

Criticism ma3" be made of the author’s method of presentation. This may bo illustrated 83' the chap ei 
on Talipes Equinovarus. After some general statements concerning the etiolog}", the author pre.scnts his omd 
method. This section on “Lewin’s technic” does not include a description oi the method of manipu ativc. 

In the discussion of ciub-foot, the Kite method is depicted incorrectly. Application of a foot cast w it li 
moldine then a leg cast, and finally maintenance of ma.\'imum correction with a plaster bandage arounc le 
ToTZ olrtle knee are not demonstrated in the pictures or text. Likewise, the pre-correct.on fine drawing 
of a roentgenogram fails to show the abnormal relationship of tMus and 

“ J. W. White glues the soles of the feet topther with ‘^^^mhs.” This .«ente,we, under 

material and binds the feet together with a resilient bandage for thiec or four n 

the journal or hone and joi.nt srncr.RV 
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the hndinp of Tahpc*! r;quino\nrus, i': nif^lcKhnp, berau'c White u-^rs this tj-pe of therapy for congenital 
promt ion or caIcanco\ alpus deformities, — the antithesis of eqiiino\ arus deformities 

The re\ lower behoves that there is overdramatiration in the author’s statement that the time to treat 
chili-foot is when the child is si\ miniitis of age rather than s]\ weeks The consensus todav is m favor of 
carh correct ion,, but from tw o to si\ w ccks of ape is carlv , and dclav until the child has left the nursera- of the 
hospital has main advantages for the patient, the mother, and the pin sician 

Various methods of therapy, non-operativ e and operativ e, are abo di=cu==ed in this chapter, but wathout 
consideration of indications, preference In the author, or end results This chapter is encj clopedic, but of 
little assistance to the relatively inexpcnenced plnsician; to choo=e a method of therapj", the phv'sician must 
hav c had eNjicnence and training Of all the common abnormahties of the foot which are present in infancy 
and childhood, congenital equinov arus deformity is probably the one requinng the most e\act and definite 
therapy It is for this reason that this chapter has been cho'cn for cnticism 

In the discussion of flat feet, the etiolopv and pathologv arc well revaewed Again, however, the vanous 
non-operativ e and operativ c methods of therapv are dcscnbed, including a number of antiquated procedures, 
but an ev aluation of each method is not giv cn, and no indications or suggestions as to choice of procedures are 
mentioned 

Tile advertisement from the pubh'hcr describes this book as “almost enev clopedic in scope’’ This is 
true. The orthopaedic surgeon who washes to refer to a specific therapeutic procedure wall probablj- find it 
described On the other hand, the less c\-pencneed phvsician mav be confused by the quantitv of facts, figures, 
and illustrations 


British Surgicvl Practice \ olume II Edited by Sir Ernest Rock Carling, FRCS, FRCP, and J. 
Pater-on Ross, M S , F R C S London, Butterworth and Company, Ltd , 60 shillings (25 pounds for the 
set), St Louis, C V Mo'bv Companv, 194S “si 5 00 (S125 00 for the set). 

The second in the senes of eight v olumes, plus an mdc\, w hich make up British Surgical Practice, is now 
available The subject matter is arranged alphabetically, so that Volume I began with .Abdonunal Emergen- 
cies and ended wath the .Vutonomic Xervou- Svstem, Volume II begins with Backache and concludes wath 
Bursae 

In general, a different group of authors have contnbuted to the second volume, but the arrangement of 
subject matter remains es=entiallv as in ^ olume I, and includes for most conditions a discussion of surgical 
anatomv , etiologj , pathologv , differential diagnosis, operativ e technique, and results of treatment Excellent 
illustrations are included Sev eral chapters on bones and bone-grafting appear in Volume II, written bv B H 
Bums, Peter Walton, R W Ellis, Donald Hunter, H J Seddon, and Su Harrv Platt 

This outstanding set of books is being published simultaneouslv in Great Bntain and the Umted States 
The first volume appeared at the end of 1947 The remaining volumes are scheduled to appear dunng 1948 
and 1949 


The 1947 Year Book of Orthopedics and Tr.auai.atic Shrgert Edited bv Edward L Compere, M D , 

F .A C S Chicago, The V ear Book Publishers, Inc , 1948 75 

The 1947 Year Bool of Orthopedics and T raumatic Surgery is the fir«t v olume under the new title and bv 
the new Editor Dr Compere has done w ell the difficult task of gleamng from the literature important articles 
appearing during the vear, which come within the scope of orthopaedic surgerv, mcludmg trauma to the 
spine and extremities, and w eavrng the ab-tracts of these articles into a con-ecutiv e account of progress, 
which makes a readable book 

This handv reference book is inv aluable for the busv surgeon who mav not hav e read the onginal articles 
m the manv journals represented, but who wishes to know of the developments m this field of «urgerv It 
should hav e a place in the librarv of ev erj surgeon called upon to deal with lesions of the bones and joints 


The Medical .Axntjal A Year Book of Treatment anti Practition-er’s Index. Editors. Pir Henrv 
Tidv,KBE,M A,MD ( 0 \on ), F R C P , and A Rendle Short, M D , B S , B Sc , F R C P Bru-to! 
England, John Wnght and Sons Ltd , 1947 

.A group of fortv -fiv e outstanding phv«ician= and surgeons hav e contnbuted to the 1947 Medical Annual, 
now in Its siAtv -fifth 3 ear of pubhcation The mam portion of the book contains a revaew of the work done in 
medicine and surgerv m England dunng the v ear Followmg this 1 - a section dev oted to new pharmaceutical 
preparations, new appliances, and a classified hst of the new books of the v ear. 

The .Annual contams a vanetv of subject matter, arranged alphabeticallv and m concise form. \'ew ad- 
V anccs made dunng the v ear hav e receiv cd special attention 

In this edition, social medicine is included for the first time, in a di=cU'=ion bv F A E Crew, Professor 
of Pubhc Health and Social Medicine of the Emversitv of Edinburgh After a broad survey of the subject, 
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Professor Crew concludes: “Wo as a people are now resolved fo l)uild ou( of tlie wreckage of war a new and 
better external world in whicli we may IjioIogicalJy and socially floiirisli. All the vast programmes of planning 
now being considered and unleashed are but (he expression of (his resolve. The medical profe-ssion is heavil}’ 
involved in these events. Expanding social medicine is one of (he newer instruments that medicine has fash- 
ioned so that it may play its proper and prominentpart in this grand adventure.” 


Therapeutic Exercise. F. II. Ewerhardt, iM.D„ and Gertrude F. Riddle, B.S., R.N., R.P.T. Philadelphia, 

Lea and Fcbiger, 1947. S2.50. 

This volume is written to provide students of physiotherapy and occupational therapy vith a back- 
ground in the field of therapeutic exercises. The preliminary chapters deal with tin physiology and anatomy 
of joints, muscles, and peripheral nerves in relation to e.xercise. The remainder of the volume is devoted to 
specific applications of e.xercise in medicine. 

The text can be recommended for its brief and concise coverage of a neglected field of therapeutics. The 
lack of adequate illustrations, however, detracts from its usefulness as a text for students. The failure to 
include a reference to progressive-resistance e.xerciscs (DcLorme), which have received much prominence in 
recent years, is an omission too serious to be overlooked. In general, however, the volume will be of value to 
those in the field of physical medicine, who desire a guide for the teaching of therapeutic exercise. 


Principles of Occupational Therapy. Edited by Helen S. Willard, B.A., O.T.R., and Clare S. Spackman, 

B.S., M.S., O.T.R. Philadelphia, J. B. Lippincott Company, 1947. S4.50. 

This book fills a great need in the field of occupational therapy, as textbooks such as this have been 
badly needed. The subject of occupational therapy is covered in a general manner. 

The book will be of value for students of occupational therapy. It will also be useful to doctors who are 
interested in this field, and to occupational therapists who are changing from one branch of this work to an- 
other. For e.xample, one working in the field of tuberculosis or psychiatry w'ould find the chapter on physical 
injuries of value. 

The chapters on army, navy, and veterans’ programs, however, have no logical place in such a textbook. 
Unfortunately, the book is sadly lacking in illustrations. ^ 

In general, this work is to be recommended to students and to those unfamiliar rvith the value of occu- 
pational therapy. 


Kinesiology. Laboratory Manual. Leon G. Kranz, M.S. St. Louis, The C. V. Mosby Company, 1948. 

$2.75. 

Visual aids are e.xtremely important in teaching the actions of muscles. This loose-leaf manual adequately 
illustrates the action of all the principal muscles, rvith the exception of those of the hands and feet, by line 
drawings of individual muscles and their skeletal attachments. Verbal descriptions are in outline form, except 
for analysis of more complex movements. Although it is intended primarily for students of ph 3 ’^sical education 
or physical therapy, this should prove a convenient reference for many doctors and medical students. It 
would be made more valuable by the addition of drawings of the nerve suppb" and by an index. 


Akute Ausserb Prozesse. Die Physiologib der Chirurgischen und konservativen Therapie. Dr. 

Josef Riese. Wien, Wilhelm Maudrich, 1948. 

This unusual title, “acute superficial processes”, is used by Riese to describe the inflammatoiy lesions 
which are easily reached. The physiological pathology is described, and from this the author attempts to 
e-xplain therapeutic procedures. The discussion of treatment frequently becomes abstract and philosophical, 
it reminds one of medical papers written ten to fifteen years ago. 

While the author mentions both sulfonamides and penicillin, he apparently has had very little oppoi- 
tunity to use either of them. The book will be of little interest to surgeons in this countr 3 % who use antibiotics 
probabl 3 '^ too freely, without thought of the natural resistance of the host or of simple methods of fighting 
infection. For such doctors, the book is of historical value onl 3 L In the absence of antibiotics, however, t us 
book is a mine of valuable information for combating purulent infections. It discusses not only the o c er 
proved procedures, but a number of newer ones as well, which were born out of necessity when sitlfonamu es 
and penicillin were not available. 
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THE FUTURE OF ORTHOPAEDIC SURGERY* 

BY nOBEBT I. IIABRIS, XI.B., TOROXTO, OXTARIO, CAXADA 

On this occasion, historic because the Orthopaedic Associations of Great Britain and 
of Canada are meeting jointly with us, we maj- well pause to consider the background of 
our growth, which, from small beginnings, has led us steadih’ onward to this unique land- 
mark in our special field of surgerj'. Nor can we fail to give some thought to the future 
and what it may hold for us in increased knowledge of orthopaedic problems and improved 
techniques for the masterj' of disease. 

In the years whieh have elapsed since its founding. The American Orthopaedic Asso- 
ciation has traveled an interesting pathwaj' of development. The original fourteen surgeons 
who met in the home of Dr. Shaffer in New York “to discuss the formation of The Ameri- 
can Orthopaedic Association '' could have had no conception of the magnitude and im- 
portance of the project they were launching. Indeed there was no unanimity among the 
founding fathers; two voted against the motion, and two abstained from voting. Yet the 
majority succeeded in establishing a scientific organization greater than they could have 
^ thought possible. They would have rejoiced, could they have witnessed its progress through 
the vears; and I like to think that thej' would have been especialh' proud to share in this 
r^Ieeting with two other orthopaedic associations whose e.xistence, in some measure, is due 
to the stimulus, example, and interest of the Association they founded sixtj'-one j'ears ago. 

From the outset our Association manifested healthj' \'igor. Its founding members 
were men of intelligence, energy-, and foresight. Even in the earliest meetings, the papers 
the}' presented displayed originaUty and interest. Important new contributions to knowl- 
edge are sprinkled through ever}' issue of the Transactions. Vigorous discus.sion was the 
rule. In 1901, for instance, when Clarence L. Starr of Toronto recorded his e.xperience in 
‘The Treatment of Abscesses in Tubercular Bone Lesions’’, his paper of four and a half 
)ages was followed by nine pages of discussion. 

The Association came into being at an opportune moment in the histor}' of surger}-. 
Lister’s technique of antiseptic surger}- had proved its merit, and aseptic surger}' had 
nade its first appearance. It was now possible to operate upon patients with the confidence 
that the wound would heal and no harm would re.sult to the patient. Operations of elec- 
tion became feasible, because they were safe. This revolutionar}- advance opened a field 
jf immense possibilities to those who were concerned with the treatment of deformities. 
No longer was the surgeon limited to slow and feeble conection by braces and splints. If he 
a-as skiTlful and bold, he might obtain an instant and perfect correction by operation upon 
the deformed extremity. Orthopaedic surger}, as we knoa it, could not ha\c come into 
existence except for the safeguards of Lister's discover}'. Safety in operating made possi- 
ble the development of a great nea' field of elective operations, peculiarly suited to the 
problems of orthopaedic surgery. 

It a-as in this atmosphere that the nea- Association a-as founded and spent it.-; forma- 
tive years. It is not surprising, therefore, that its meetings were \'igorous and stimulating. 

* President’s .Address, delivered at the Joint Meeting of The .American Orthopaeriie .\«'Ociation, The 
British Orthopaedic .Association, and The Canadian Orthopaedic .A«ociation, Quelx-c, Canada, June 5 , 19tS. 
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In the first sixteen years, during Avlnch the papers read at the annual meetings of the 
Association were I’ccordcd in the Transactions of The American Ortiiopaedic Association, 
there were manj'^ contributions of historic importance. Not unnaturall,y, the new oppor- 
tunities in the field of operative surgery aroused the inferest of the orthopaedic surgeon. 
New and ingenious operative procedures occupied his attention and enabled him with 
increasing certainty to correct defoi-mity and to cure disease. 

In 1895, when the Association was eight years old, Roentgen discovered the x-ray 
and gave to orthopaedic .surgeons a new agent for diagnosis and for as.sessing the results of 
treatment. There is singularly little discussion of this epoch-making discovery in the annual 
proceedings of the Association, but gradually papers appeared, which were illustrated 
with reproductions of roentgenograms, often in the form of tracings. The use of this 
diagnostic agent grew slowly. Doubtless the crudity of the early roentgenograms made it 
difficult to appreciate the vast potentialities of x-ra.y technique in the study of bone disease. 

During the years of its existence, the influence which the Association has exerted has 
been great and has steadil}’’ increased, until todaj'^ it molds the thinking and practice, not 
only of orthopaedic surgeons, but of the world of medicine at large. 

It is a far cry from 1894, when A. M. Phelps of New York in his Presidential Address 
discussed the transition from “orthopedy” (the treatment of deformities by manipulations, 
braces, and splints) to “orthopedic sxirgcry” (the operative treatment of deformities by 
surgeons who devoted themselves to this field). It was a vigorous fighting speech, defying 
the general surgeons to equal the skill and interest of the orthopaedic surgeons. He de- 
fended the development of specialism and pointed to the advances achieved by the young 
specialties of ophthalmology and gynecology. He was so bold as to claim for orthopaedic 
surgery not merely fractures of the neck of the femur, but all fractures and also disloca- 
tions. “. . . . many members of this Association include in their work the treatment ofN 
fractures of the neck of the femur, and Avith them I fully agree. But Avhy fractures of the 
neck of the femur and not all fractures? If all fractures are to be treated, why not disloca-^ 
tion?” He even claimed hernia for the orthopaedic surgeon, for the reason that it was he 
Avho could most skillfullj'- cany out treatment by truss. “Hernia unquestionabfy should be 
classified as an orthopedic subject. It is as important and as difficult to adjust a support to 
remedy a hernia as a splint to hip-joint disease, and frequentfy, by mechanical means, 
herniae are cured.” 

Phelps surveyed the future Avith far-sighted optimism. What he said in 1894 must 
have seemed visionary to his audience and irritating to his rivals, the general sui'geons. 
Yet, most that he dreamed of has been accomplished and much besides. 

At the early annual meetings, before the turn of the Century, the presentations Avere 
concerned Avith congenital deformities, tuberculosis of bones and joints, recurring disloca- 
tions, ncAV designs for splints and braces, deformities due to bad posture, slipping of the 
upper femoral epiphysis, rachitic deformities, foot deformities, and other foot disable- 
ments, operative techniques (such as osteoclasis), scoliosis, typhoid spine; and there were 
occasional papers on infantile paralysis and on fractures. It is singular that fracture prob- ^ 
lems AA^ere so seldom discussed at the early meetings of this Association. It can only indicate ' 
hoAV long a time Avas necessary to transform Phelps’s “orthopedist” to an “orthopedic 
sui’O’eon” in the modern sense of the term. 

In the first three decades of this Centuiy, orthopaedic surgeiy advanced apace. The 


technique of antiseptic surgeiy had been completeR'’ replaced by that of aseptic surgeiy. 
Operattye surgerj^ rapidly eAmhmd ncAv and improAmd principles Avhich made possible and 
safe the exploration of every part of the body. This Avas a challenge to the craftsman-ship 
nf the surgeon to master more and more complex technical procedures, in order to achicA^e 
Ei-eater and greater results. To none had this more appeal than to the orthopaedic surgeon 
His response was a great outpouring of new and modified operat.on.s by Avlueh the results of 

treatment were greatly improved. 
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Meantime, additions to knowledge were accumulating, and manj' of them were ger- 
mainc to orthopaedic surgerj’. In 1912, Macewen publi.shed hi.s monograph on “The 
Growth of Bone", which reopened for modem time.s the scientific stud 3 ' of bone as a bodj' 
tissue, previously’ advanced by Hunter. Macewen’s challenging statement that periosteum 
was merely a “limiting membrane” and had no osteogenic powers focused attention upon 
this tissue, with which orthopaedic surgeons are daily concerned. The outcome of these 
studies laid the foundations of modern knowledge of bone stmeture and pro'vdded the 
background necessary for successful operations for the treatment of bone disease. 

In 1911, Hibbs reported his first spine fusion, and within a few months Mbee reported 
his first spine bone-graft. In 191.3, Gallic and Robertson commenced their studies on the 
“Repair of Bone”. These and other contributions on the same problems pimnded exact 
knowledge of the reaction of bone to injuiy. the repair of fractures, and the fate of trans- 
planted bone, and made possible the development of improved operative procedures. The 
great period of operative orthopaedics was inaugurated, and with it the modem era of 
orthopaedic surgery commenced. 

Some facility had barely been acquired in these skills when the First World War 
broke out. Its problems in the management of acute trauma to the extremities and in the 
rehabilitation of grossly damaged limbs were a challenge to orthopaedic surgeons. The de- 
mand for their skill and experience was great, and their response greath' advanced the 
position of orthopaedic surgeiy. That thej’ successfully’ met this challenge was due in large 
part to the good fortune of wise leadership by’ strong personalities. 

Following the First War, the casualties of industry’ and the toll of motor traffic con- 
tinued the demand for the skill of orthopaedic surgeons. Finally' came the climax of the 
Second World War, with its renewed demand for the seiA’ices of those skilled in the knowl- 
edge and management of injuries and infections of bone and joints and prepared to devote 
to this exacting field the time and effort necessary’ to achieve success. Orthopaedic surgery 
has now become of age. There is an essential role for it to play’ in the world of surgery’, and 
this Association has play’ed no small part in guiding it to maturity’. 

Such great progress in the past sixty'-one y’ears in^’ites speculation upon what the 
future may' hold for us. Our generation, and to a great extent that of our preceptors before 
us, have been concerned with mastering the techniques of operative orthopaedics. The 
opportunities proffided by’ safety’ in surgery’ invited the development of new and improved 
operations, which y’ielded prompt rewards in better results from treatment. It has been a 
great and stimulating period, appealing to the sense of craftsmanship possessed by’ every' 
surgeon. That period is ending, and we stand now at the threshold of a new era, more 
stirring and with even greater possibilities than the old. It is worth our while for a few 
moments to examine the future. 

Of great significance is the changed and still changing relationship of orthopaedic 
surgery’ to the general body’ of surgeiy. No longer is it a small field, separated from general 
surgery’ and cultivated by’ a group of men desiring to limit themselves to this smaller 
^interest. Expanding knowledge in the fields of biochemistry’, phy’siology’, endocrinology’, 
and histology’ have made all fields of surgical treatment broader and more complex. More 
is now demanded of the surgeon than clinical skill in diagnosis, knowledge of gross path- 
ology’, and technical dexterity’. He must have a sound working knowledge of the ba.=ic 
sciences and of the phy’siology’, biochemistry’, endocrinology’, histology’, and anatomy’ of the 
organs he undertakes to treat, in addition to the gross and microscopic pathology’ of their 
diseases. Such extensive mastery’ of all the factors bearing upon the problems he under- 
takes to treat by’ surgery’ limits the scope of his actirtties. It has become increasingly’ diffi- 
cult and finally’ impossible for one individual to be master in all fields of surgery’. From 
choice or circumstance he deals with problems limited to one field. General .mrgery’. in the 
former sense of the term, no longer exists. The general surgeon of today’ has become in fact 
a specialist in visceral surgery’. tMiat once, with justice, was called general surgery’ has be- 
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come separated into departments wliicli deal witli related problems. Some of these depar 
ments are large and some are small. The larger bear a relationship of equality to one ai 
other; none subservient to another in importance or responsibility, though there has yet 1 
be vide recognition of this fact. In this new picture, the position of orthopaedic surgery 
secure, because it has an essential part to pla}''. If it has anj’’ problem, it is to encompas 
adequatelj’’ the extent of its field. 

The distribution of activities now imposed upon surgery b.y the necessity of limitin 
the work of the surgeon to that which he is physicallj’’ capable of accomplishing, affect 
most the academic surgeon. Ho is responsible for man}’’ things in addition to the operativ 
treatment of disease. We look to him to organize and conduct the ro.search which wi. 
produce new knowledge; to assess intelligent!}'’ new contributions in related fields, particu 
larly in the basic sciences; and to transmit to others the knowledge and skill he himself ha 
acquii’ed. Such multiple I'esponsibilities demand much of his time and energy. It is he whi 
feels first and most strongly the need for the division of surgery into fields of specia 
interest. 


Although it is inevitable that surgery be divided into convenient subdepartments 
there is something to regret in this necessity, because of the danger of isolation of tin 
various fields of surgery from one another. Such separation must be avoided at all costs 
The effective measure to combat it is the development of the interests Avhich are common 
to all fields of surgery. These are research, the basic sciences, and teaching. If every de- 
partment of surgery has responsibilities which compel it to keep abi’east of progress in the 
basic sciences, to initiate and direct research, and to share in the training of doctors, there 
will be a common meeting ground for all departments, with a sharing of knowledge and 
interests which will prevent isolation. Moreover, too great subdivision of surgery must he 
avoided. To divide surgery into smaller and smaller specialties is certain to narrow interest 
and to lead to isolation. If we are to retain vitality, the necessary subdi^'ision of surgery 
must be into broad groups of related interests. 

Recognition of the new position which orthopaedic surgery occupies in relation to the 
rest of surgery makes clear the responsibility which I’ests upon us as orthopaedic surgeons. 
We are entitled to claim orthopaedic problems for ourselves only so long as we can 
deal with them better than can other surgeons. We must, therefore, acquire such skill 
and experience as will ensure that our surgical treatment is of the highest quality; and, m 


addition, we must hold ourselves responsible for the acquisition of new knowledge con- 
cerned with the field of orthopaedic surgery. To accomplish this, we must familiarize 
ourselves with the new developments in related fields of surgery and in all the funda- 
mental sciences which have any bearing upon orthopaedic surgery, and utilize this as a 
basis for research. To claim for ourselves a special field of surgery, or to have it allocated to 


us, carries with it an equivalent responsibility. Our only title to the field must be greater 
skill in treatment, greater ability to advance knowledge in this field, and better claim to 
transmit to succeeding generations of students the knowledge which has been accumulated. 

Opportunities to advance knowledge in the field of orthopaedic surgery are greater at 
this moment than at any previous time. Advancement of orthopaedic surgery by improve- 
ments in the technique of operative procedures has passed its zenith, but opportunities for 
such broader progress lie before us, by the utilization of new knowledge from the fields o 
the fundamental sciences, biochemistry, physiology, endocrinology, and histology. The 
rapidly expanding knowledge in these fields is likely to }deld great and stimulating resu ts 
^vheB applied to oj-thopaedic surgery. Few tissues of the body today offer so fruit u a 
field for investigation into the fundamentals of their structure and function as do bones, 
joints, ligaments, and connective tissues, and this in spite of all the previous voik v uc i 

has been accomplished in this field. . . r .t i i 

brief survey will indicate how great are the opportunities for the deve opment o 
A uiiei SUINCJ O r Jivfiil'ililo from the 

-new knowledge by the exploration of our own field o 


ifundamental sciences. 
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The early work of Gallie and Robertson and of Phemister laid the foundation of our 
present knowledge of bone repair and the fate of bone transplants. It still is the solid basis 
of fact for the application of the histological characteristics of bone to clinical problems. 
But in the interval, much new knowledge of tissue stnicture has evolved; a great deal of 
this is concerned with intercellular substances and throws new light upon the structure of 
bone, so much of which consists of specialized intercellular substance. It should be em- 
phasized that bone is not static; it is a living mobile tissue, re.sponsive to many influences 
and stresses. 


Biochcmistrij 

Since bones represent the largest store of calcium in the bod}', the chemistr}- of this 
element is a matter of ob\’ious importance to the orthopaedic surgeon. The metabolism of 
calcium has been the subject of study from the earliest days of biochemistr}*, but most of 
this has been concerned with calcium balance. Robison’s isolation of phosphatase in 1924 
made the first contribution to our knowledge of the local mechanisms whereb}' calcium is 
deposited or removed from the skeleton. The extensive studies of Albright have contrib- 
uted a great deal to our knowledge of calcium changes in bone, both generalized and local. 
How useful it would be to know the mechanism which would lay down new bone where 
and when we need it. 

There are some biochemical aspects of bone which at the moment we regard as curi- 
osities. They may be important clues to details of bone metabolism as yet unsolved. An 
e.xample is the deposition of fluorine in the bones of patients exposed to abnormal amounts 
of this element. 

Physiology, Including Endocrinology 

A vast amount of work has been expended upon the study of the action of endocrines. 
The knowledge gained is encj'clo'paedic in scope. Nevertheless, much remains to be 
solved, especial!}' in respect to the effect of endocrines upon bones and joints. Enough is 
known to make us appreciate the vastly important part they play in bone growth and in 
bone formation. Giants or dwarfs result from disturbances of the normal interplay of 
endocrines upon the epiphyseal lines. Profound osteoporosis of vaiA'ing types follows cer- 
tain disturbances of endocrine function. As yet, we know little of the local mechanisms 
whereby these changes are effected or of the subsidiar}' changes which result from minor 
de^'iations of endocrine balance. 

During our professional lifetime we have seen the disappearance of rickets, which in 
1900 provided an enormous number of deformities for the orthopaedic surgeon to correct 
by means of Grattan’s osteoclast. Its elimination was due to the discover}' of the e.xistence 
of -v-itamin D and of its function. There may be similar less ob\'ious \'itamin influences 
upon bone. The problem is still inadequately explored. 

The physiolog}' of muscle fibers is open to much interesting investigation, designed to 
throw light upon many problems related to orthopaedic surger}'. A great mass of informa- 
tion is already available, but more knowledge is still needed. The work of DeLorme has 
shown some empirical factors which influence muscle strength and size, on which we have 
no scientific infoimation. 

Anatomy — Relationship of Structure to Function 

The bones and joints with which the orthopaedic surgeon is concerned, especially 
those of the lower extremity, are unique in this respect: Disturbed function often results 
from changes in structure, caused by deviation from normal standards or changes acquired 
after birth, following disease or deformity. The rigid structure of bone pre.=er\'es its shape 
and affords us an opportunity to study alterations in shape and stnicture. Such studies. 
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for the most part, have been concerned exclusively with stiaictural changes, and have not 
attempted to explore the possible relationship of these to disturbed function, which indeed 
they could not do, since they have no means of knowing the function during life of the 
material in their anatomical museums. By combined clinical, roentgenographic, and 
anatomical investigations, it is possible to study the relationship of structural changes to 
impaired function. Standardized roentgenograms can be related to structural changes seen, 
in anatomical specimens. Idiis procedure can then be used to conduct a survey of the anat- 
omy of the skeleton on living patients, from which the I'clationship between structure and 
function can be assessed. Many foot disabilities (flat-foot, claw-foot, hallux valgus) result 
directl}'’ from deviations from the normal standard of structure of the skeleton. 

There is also a place for mass roentgenographic surveys to determine the incidence 
and nature of bone diseases and anomalies. We recently have utilized the miniature films 
of a mass chest survej'^ to determine the incidence of scoliosis. Suitable roentgenographic 
surveys would be valuable to eliminate low-back disabilities in arm}'’ recruits, as well as 
for the study of certain foot problems, as for instance hallux valgus. 

Pathology 


There is need for the development by pathologists of a special interest in the problems 
of bone surgery. Skill in this field is difficult to achieve. The clinical pathologist has many 
demands upon his time and energy, especially in these days of e.xfoliative cytolog3^ The tis- 
sue is difficult to prepare, and the technique is time-consuming. Often special stains and 
preparations are necessary. The quality of the sections may vaiy greatl}'. But above all, 
there is the fact that the problems in bone-cell pathology are peculiar. They require the at- 
tention of a pathologist who has a special interest in this field. 


From these remarks it will be evident that the future development of orthopaedic\ 
surgery will derive from fields other than those concerned with operative techniques. We 
are likely to obtain great increases in our knowledge of the intimate structure and function y 
of bone and cartilage and the connective tissues by new knowledge derived from the funda- 
mental sciences. This provides us with a new approach to our problems, likely to be fruit- 
ful of results. We shall gain more precise knowledge of diseases of the locomotor s}'’stem 
than we have ever before possessed. 

To make the fullest use of the opportunity which lies before us, we must keep our- 
selves familiar with progress in the fundamental sciences, and this is no eas}'’ task. Never- 
theless, it must be recognized that the responsibility of a teaching medical school is to 
provide contacts between the fundamental sciences and the clinical departments, and to 
encourage research by the departments of surgery, which in orthopaedic surgery will ex- 
plore the nature of the tissues with which we are concerned. 

This Association is in a position to assist the early appraisal of those new develop- 
ments in the fundamental sciences which are of possible value in orthopaedic surgery. 
Most orthopaedic surgeons in the English-speaking world read The J ournal of Bone and 
Joint Surgery. It would serve a most useful purpose if the Journal could establish an 
Abstract Section, broad enough in its scope to include a summary of every article in the 
world of science which might be of value to orthopaedic surgeons, in addition to those arti- 
cles which deal directly with orthopaedic surgery. Some attempt at this is made in certain 
other reviews, but in none is there complete coverage. Moreover, the best are in surgical 
journals, not readily available to all orthopaedic surgeons. The place for such a compie- 
hensive review of the literature is in The Journal of Bone and J oini Surgery; its scope shou c 
include the publications in the fields of bacteriology, pathology, biochemistry, phy.sio ogy, 
endocrinolog}’, anatomy, histology, and perhaps even certain engineering and meta uigica 


journals. 

The change in 


our approach to the problems in orthopaedic suigeij will ncce.s.saiil} 
(Conlimicd on page 8/, 7) 



BOXE LESIONS IN EOSINOPHILIC GRANULOMA, HAND-SCHULLER- 
CHRISTIAN DISEASE, AND LETTERER-SRVE DISEASE 

RY IGXACIO POXSETI, M.D., lOW.V CITY, lOW.Y 

From the Department of Orthopaedic Surgery, 

State L'niiersity of Iowa tlo'^pitah, Iowa City 

Eight eases seen in the University of Iowa Hospitals have been selected to illustrate 
the elinieal, roentgenographic, and histological characteristics of bone lesions occurring 
in eosinophilic granuloma, Hand-Schuller-Christian disease, and Letterer-Siwe disease*. 
Although the cause of these diseases is still verj' obscure, studies made during the past 
decade have established that they probabh' represent forms of the same pathological 
process - This series of cases is presented mainly to corroborate this modem trend of 
thought. 

.\lthough the eosinophilic granuloma is probabl}' a localized lesion in bone, the gran- 
ulomatous lesions of the Hand-Schiiller-Christian and Letterer-Siwe S 3 'ndromes are ■wide- 
spread, and many organs are involved. Bone lesions are very frequent, but are not alwaj's 
present. In the case described bi' Letterer in 1924, for evample, no bone lesions were pres- 
ent, and onh’ a moderate increase in reticulocrdes was found in the marrow. At least one 
case similar to this was studied on the Pediatric Sendee of the Iowa University Hospitals, 
but it will not be reported here. Onty the cases ndth manifest bone lesions are included 
in this series. 

Two cases with solitaiy eosinophilic granuloma of bone are presented. 

CiSE 1. D. L. S., a girl, two and one-half j-ears old, had always been in good health. She was brought 
3 the Hospital on .\ugust 7, 1945, because the mother, while combing the patient’s hair, had noticed a 






Fig. 1 


Case 1. Eosinophilic granuloma of the skull, formed by large mononuclear celt- with granular 
protopla'-m and a great numljer of co<inophiL~ 
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slowly growing soft mass over the right frontal area. This muss was first noted five weeks prior to admission, 
was tender to touch, and had slightly increased in size during the jjrcvious two weeks. The patient’s general 
condition was good, except that she tired easily. 

The child was well developed and well nourished and the oidy abnormal finding, on physical e.xainina 
tion, was a bone defect in the right frontal region, six bj' four centimeters in size. The scalp over this defee 
was bulging slightly and was moderately tender, but there was no redness or increase in local heat. A fev 
submental lymph nodes wore palpable. The urine contained a slight trace of albumin and many bacteria 
The red-blood-cell count was 3,700,000j the white-blood-cell count, 5,150. Blood cholesterol was normal 

Tlic roentgenograms sliowcd a round, well-outlined defect, three centi 
meters in diameter, in the right aspect of the frontal ijonc. 

At biopsy, the bone defect, was found to be filled with a grajash-pinl 
tissue, which was adherent to the dura. The portion of the dura to whicl 
the tissue was adherent was excised. Tlie bi-ain appeared to be normal, anc 
the surface of the dura in contact with it was smooth. The tumor tissui 
was carefully dissected from the scalp and then was removed. The wounc 
was closed in laj'ers. 

Tlie histological sections showed a very cellular tissue, containinj 
large cells with one or two large oval or kidney-shaped nuclei. The proto 
plasm of most of these cells was granular or finely vacuolated. ]\Iitoti( 
figures wei'c very scarce. A great number of eosinophils were seen scatterec 
throughout (Fig. 1). 

No postoperative roentgenotherapy was given. The patient was seer 
two jmars later and at that time was asymptomatic. The skull defect was 
still present, but it had decreased slightl}^ in size. The bone surroundinj 
the defect had become sclerotic. 

Case 2. A. H., a male, fortj'-six years old, had been in good health al 
his life. He came to the Hospital on January 8, 1942, stating that one year 
prior to admission, he had been kicked in the left tibia by a steer. He hac 

Fig. 2-A; Case 2. lloentgenogram of the loft femoral shaft, showing an 
irregular area of boire destruction. 



Fig. 2-A 
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Fig. 2-C 

Roentgenogram of the left femur, 
taken one year later than Fig. 2-.-V. 


h.ad no imnii'iliate (ii'eonifort, Imt throe week'- later the left knee 
hail iMTOine '•wolleii. .X'-jiinition leiil been done i-everal tune', and 
bloody fluid had been obtained. Tlie knee wa-= painful and caused 
the i>atient to lini]). The jiain had inerea'Od slowly untd two week.s 
prior to adini"ion, wlu-n it beeame exenu’iating, and the man was 
unable to walk without eriitehe'. There wa^ no histori' of weight 
lo-i';. oliill--, or fever at any time. 

On phyrieal examination a slight, non-tender, soft-tissue in- 
filtration was found in the lateral aspect of the left mid-thigh. The 
knee appeared normal, excejit for slight pain on complete exten- 
sion. There was atrophy of the left thigh of about one inch, and 
the strength of the quailrioeps was diminished. IMood counts and 
wU other Iwlxorotory ev.\w\\wwt\ows were w.orm.a.1. The roentgeno- 
gram' .'bowed osteochondritis di'secans in both knees, and an irreg- 
ular ama of de.struction at the middle third of the left femoral shaft. 

The cortex wa' thin and eroded anteriorly. minimal amount of 
periosteal new Ixine surrounded the edges of the lesion (Fig. 2-.\). 

At biopsy on .lanuary IS, 1042, the anterior eortc.x was broken 
through. The large boru' defect was filled w'ith a dark hemorrhagic 
and friable semigelatinous tissue. On microscopic examination, this 
tissue appeared to be relatively ava.scular and granulomatous in 
nature, and it was composed of viable masses of large mononuclear 
cells, eosinophils, large giant cells, fibroblasts, and small mononu- 
clear cells (Fig. 2-B). There were hemosiderin-laden large mono- 
nuclear pliagocytcs and widc.sprcad evidence of old and recent 
hemorrliagc. The mononuclear colls had a light-staining cytoplasm, 
which was occasionally dimlv vacuolated, and chromatin-rich nuclei. Eosinophils were present in great num- 
bers and showed a tendenev to be in clumps. Many appeared to be young, but no abnormal forms were s«^n. 
There were manv large giant cells which varied from 30 to 60 micra in diameter, wath one large oval or cleft 
nucleus rich in chromatin. Multinuclcated forms could be seen, having up to ten nuclei. Mitotic figures were 
lirlv fronuent, and some atvpical forms were detected. There were areas of moderate fibrosis, in which the 
aononuclear cells appeared smaller, and there were fewer giant and eosinophilic cells. Limphocxtes were 
aorc abundant at the peripherv of the process, and a few irregular ma.sses of newly formed bone were fomd 
a the region of the partiallv destroyed periosteum. Cultures and guinea-pig inoculations were negative, 
ilouse-brain inoculations and dog-bone inoculations were also negative. A diagnosis of eoanophil.c granu- 
ama was made Ten davs after the biopsy, the granuloma was partiaUy curetted, and a tibial graft was im- 

ilanted in the destroyed area of the femur. A hip spica was applied. 

Four months after the curettage, the old lesion was still visible in the roentgenogmms, but it was smaUer, 
md no active bone destruction could be seen. The bone grafts were stdl visible. For the next four months the 
latient had no complaints and began partial weight-beanng on crutches. , - - r 

On Januarv 5, 1943. almost one year after the operation, the patient re urned coniplaimng of a som^ 
vhat painful soft-tissue mass over the site of the bone lesion. This had gradually developed dunng the preced- 
ng two months. The roentgenograms showed that the area of bone destruction had^eat ly mcrea.^d in size 
lut a roentgenogram of the lung fields was negative. It was as., urned by some members of the Hospital btaff 
hat the lesion was malignant. The area was then irradiated vuth 1,2OT roentgens to each of foim portah. 
during hospitalization the patient sustained a pathological fractme of the mvolved feinur (Fig. 2-C) 

On Februan- 12, 1943, one month after roentgenotherapy, there was no appreciable decma.=e.n the size 
,f the soft-tissue mass. A mid-thigh amputation was then thought to be the treatment of chowe. The middle 
bird of the femur was found to be honeycombed and filled oath soft hemorr^gie fnable tn=sue A few snmll 
•ramnents of bone were found, and these were thought to represent the residua of the premoady implanted 
LibFal grafts.There was no ex-idence of invasion m the surrounding mus^. 

Afieroscopie sections revealed verj- extensive areas of necrosis. Them were many large mononuclear 
lells and scattered large giant cells, as were seen at biopsx’ one year prexnom'b;. Eounophils. which were so 
predominant at the time of the biopsy, were not present in these sections Mitotic figures were source and no 
Lm cells were seen. The mu=cle tissue was not invaded. The bone sections revealed coiwiderable sclcro',-. 

There was no convincing ei-idence of malignancy. . i • 

Postoperative recoverv was uneventful. Five years later, there was no clinical or roentgenographic evi- 
dence of metastases. The man had gained forty pounds since the operation and uore a pro=thc--i^ with no 
discomfort. 

Case 1 represents a t.vpical example of eosinophilic granuloma of bone. The patient 
xvas a voting child. The lesion was slightly tender and located in the frontal bone. In the 
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roentgenograms it appeared well outlined with clear-cut., i-egular borders. The micro- 
scopic examination showed a granidomatous ti.ssue, compo.sed of large mononuclear cells 
and man}'’ eosinophils. The lesion was comjilclely resected and has not recurred. 

The clinical course and microscopic picture of the t.umor in the second case were sug- 
gestive of malignanc.y. The patient, was forty-six ycai’s of age, which is con.sidcrabl,y above 
the average age when eosinophilic granuloma occurs. (I'ersiani, Figuciro, and Junqueira 
described a case of a fift.y-3’’ear-old woman with diabetes insipidus, who had a lesion in the 
femoral shaft similar to the one described in this patient.) "Idle roentgenograms showed 
an area of bone destruction with irregular contours which threatened to destroy the whole 
thickness of the femoi'al shaft for a length of six centimetei’s. ddie biop.s.y revealed a very 
unusual and malignant-appearing tissue, formed by large mononuclear cells, eosinophils, 
and enormous giant cells, with one or several deepl.y stained and ^•ely lai'ge nuclei. The 
lesion recurred after curettage and produced cxtcnsi^'e bone dcstiaiction, although it did 
not infiltrate into the soft tissue. The leg was am])utatcd one year after biops3u The eosino- 
phils, which had been so predominant at the time of biop.s}'', were no longer seen in the 
granulomatous tissue of the amputated specimen. In spite of the amputation having been 
performed only a few centimeters above the site of the lesion, tliere was no evidence of 
local recurrence or metastasis five .years later. 

Case 3. W. B., a man, tliiit3"-four j’ears old, was first scon in this Clinic on Ala}" 15, 19J0. He gave a 
histojy of dull aching pain in the anterior a.spcct of the rig})t Jenee, which liad begun in June 1939, and had 
lasted for three months. There was no history of trauma. He had had no further symptoms in the knee until 
March 1940, when severe pain in both knees developed. Onset had been spontaneous and rapid, but at no 
time had there been swelling or limitation of motion. This episode had lasted for five days and he had then 
been free of symptoms until April 17, 1940. At that time ho had had swelling of the left cervical Ijunph nodes 
and a few days later swelling of the I'ight cervical nodes. Two weeks later the left ankle had become swollen 
and painful. The day before admission, the fourth finger of the right hand had become markedly swolleri-- 
and painful on motion. The patient had lost fifteen pounds during the two months prior to admission. 

On e.xaniination, the cervical nodes were found to be swollen, hard, and freely movable under the skin. 
The body temperature was normal. The fourth finger of the light hand was swollen and painful on motion.^ 
The anterior aspect of the right ankle joint and both tibial tubercles were slightly tender. The skin was nor- 
mal. Examination of the heart and lungs was negative. The spleen and liver were not palpable. Neurological 


and genito-urinary examinations were negative. 

Blood analj'sis showed: 

Red blood cells .5,200,000 

White blood cells , , . . 12,000 

Polymorphonuclear neutrophils 75 per cent. 

Eosinophils 5 per cent. 

Lj'mphocjdes 18 per cent. 

Alonocjdes 2 per cent. 


Blood cholesterol and total lipids were not increased. Sedimentation rate was normal. Blood examinations 
were normal for serum calcium, phosphorus, and phosphatase. Serological examinations were negative. 

The roentgenographic examination showed a round area of rarefaction in the pro.ximal end of the middle 
phalan.v of the light fourth finger, measuring six millimeters in diameter, ulth no evidence of bone sclerosis 
around it. There was a round area of rarefaction located in the light tibial tubercle, measuring two centi- 
meters in diameter, with no surrounding bone sclerosis. Similar, but poorly defined, areas of rarefaction were 
seen in the upper lateral quadrant of the right patella and in the lower end of the left tibia. E.xaniination of 


the skull was negative. 

Two cervical Ijmiph nodes were removed for biopsj'. The connective tissue surrounding the fimiph nodes 
was verj' rich in histiocjdes, many of which had crescent-shaped nuclei (Fig. 3-B). Between the germinal 
centers manj' histioc3des were also seen. A block of bone from the upper anterior portion of the right tibia 
was remox'cd for biops3'. When this had been sectioned, a cavit3' was encountered, which occupied the whole 
thickness of the bone cortex. This cavit3" was filled with soft, 3'cllow, friable tissue. On microscopic examina- 
tion, this tissue was found to contain closebv packed l3-mphoc34cs, plasma cells, and some large cells, with 
clear nuclei fifing in a fine connective-tissue reticulum. In a few locations tliere were .some largo, pale, vesicu- 
lar foam cells. Abundant numbers of eosinophils were seen in some areas. A large amount of fat was found in 


the foam cells (Fig. 3-A). Smear and cultures were negative. , ■ , 

Two months after the biops3', the jratient returned, complaining of pain in both knees, bo h ankle.s, and 
an increase of the pain in the third and fourth fingers of the right hand. The lymph nodes of the neck verc 
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still hinl. onl ir};i-(l, mid frcoK nuiv.ilili- The l.iltr.il mi!l(olii= on the loft and the medial malleolus on the 
ripht wen- ^ery tendi r The tihi il tuhercle on the left u.is \er\ tender, as i\cll as the one on the nght, pren- 




Fig .3-A 


Case 3 High-poi\cr photomicrograph of tissue found in a bone catnty m the upper anterior 
cortex of the nght tibia Large mononuclear cells mth granular protoplasm are abundant. 
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Fic .3-B 


Photomicrograph of ti^'^ue surrounding a cervical Umph node Main of tlve mononuchar a II 
have cresccnt-«?haped nuclei. 
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Pig. 3-F 


Fig. 3-C: Roentgenogram of 
upper portion of left tibia, 
showing an irregular area of 
rarefaction in the tibial tuber- 
cle. Roentgenotherapy was 
given to this area. 

Fig. S-Dr Roentgenogram of 
the left tibia, four years later, 
shows that the lesion is nearly 
healed. 

Fig. 3-E: Roentgenogram of 
right patella, showing e.vten- 
sive areas of rarefaction. 

Fig. 3-F: The right patella 
appeared normal in the roent- 
genogram taken five years 
later, although no treatment 
had been given over this area. 

Fig. 3-G: Roentgenogram 
shows ai'cas of rai-efaction in 

middle phalanv of ring finger and pro.vimal phalanx and metacarpal of middle finger. 

Fig. 3-H; Three years later, the areas of rarefaction had nearly disappeared. 

0 USI 3 ' operated upon. There was no swelling, redness, or limitation of motion in the ankles or knees. The 
roentgenograms showed areas of rarefaction in the left lateral malleolus, the right medial malleohi.s, and the 
left tibial tubercle (Fig. 3-C). Two areas of rarefaction wore also evident in the right patella, which had been 
oiilj’' dimh' seen on the roentgenograms taken on previous e.vamination (Fig. 3-F). Tlic roentgenogram of the 
right hand showed an increase in the size of the rarefied area in the middle phalanx of the fourth finger, and 
new areas of rarefaction appeared in the pro.vimal end of the first phalnn.x and the distal end of the meta- 
carpal of the third finger of the same hand (Fig. 3-G). The roentgenograms of the .‘•kull w<Te negaUve. 



noxr. iii;stoxs in i:o^ivophilic granuloma 


817 


Tilt' lutiout wii- jiivoii loi'iitsonotlicrain.-GOO roi ntm-n- to tho tibial tubercle's and ankles, and 400 
riH'ntceii' to tiu' invobed lionc' of tlie n!;hl Ii mil The ankli" and the right hand became quite painful during 
the (n'atnvnt. The K'^ioii of tlu' nght lutella e\a'- not inati'd and na= a=cd a= a control The hmph nodes of 
tlie left eereic.il region were al'o irradi ited, Iho'" on the nght wore not 

A few we"k'- after th" roentpenothenijn , the pun in the ankle«, left knee, and right hand had all but 
ili-vipii'an-il. However, tin' untreated knee continued to be painful Roentgenogranu; of the inaolied areas 
failed to ^how any change' that eould be attributed to the treatment As a matter of fact, the lesion^ in the 
right hand appetiri'd «nnieuhat larger. The patient had gamed weight 

Fimilar rm-ntgenotberapy wa- given to the «'anie areas three months later This was followed bi com- 
plete H'lief of the symptom', except for some pain m the untreated right knee The roentgenograms showed 
no appreciable ehangc' in the area' of bone dc'truction It was noted that, although onh the left cemcal 
lymph node' had bi'i'ii irradiated, the node- on liotli sidc' had regre^-ed to an equal degree, so the treatment 
may have had nothing to do with the improx'ement 

When seen sIa nvinth' hiter, the p.un m the right knee had disappeared The man then returned to work, 
and has been continunu~!y emplot ed 'inee that time lie has been free from s\ mptoms 

Dieh year the roentgeiiogr.ini' have deinon'traled a 'low, but continued reg-ession in all rarefied areas. 
When the patient w.is l.a-t seen m Nin ember 1046, all of the lesions appeared healed, except fora small radio- 
lucent area in the di-tal portion of the middle metacarpal bone (Figs .3-D. .3-F, and .3-H). However, a small 
cystic area had appeared m the di'tal end of the nght ulna 

This put lent, h'ud multiple bone inx'olvement, with pain of spontaneous and rapid 
onset, and marked swelling of the affected right fourth finger. The cenical lymph nodes 
were also involved. The clinical historj', together with the increased number of pol.vmor- 
phonucloar neutropliil« in the blood, suggested a low-grade chronic osteomj-elitis. The 
patient had no fever, however; there was no local heat in the affected areas; the sedimen- 
tation rate was normal ; and the roentgenograms showed that the areas of bone destruc- 
tion were well outlined and surrounded bx' normal-appearing bone. The microscopic 
examination of tho material obtained from one of these areas of bone destruction revealed 
granulomatous tissue in which there were a large number of histioexies. containing a great 
deal of lipoid material, and a few eosinophils in some areas. There were also some chronic 
inflammatorx- cells, but verx' few polx-morphonuclear neutrophils. Two of the sxvollen 
cerx'ical lymph nodes, examined under the microscope, also shoxved concentrations of 
histioexTes between the germinal centers and in the tissue surrounding the IxTuph nodes. 
Smears, cultures, and animal inoculations xx-ere negatix-e. 

The diagnosis of chronic osteomx'elitis could not be substantiated. The case did not 
appear to be one of a typical multiple eosinophilic granuloma, because the tissue taken 
from the tibia resembled a lipogranuloma rather than an eosinophilic granuloma, and the 
cerx-ical Ixunph nodes were involved. diagnosis of Hand-Schuller-Christian disease xx'ould 
not hax’e been proper, because areas of bone destmetion in the skull, exophthalmos, and 
diabetes insipidus had not appeared during the sex-en x-ears we followed this patient. The 
case probablx' represents an intermediarx- form between the multiple eosinophilic granu- 
loma and Hand-SchulIer-Christian disease. 

The roentgenotherapy gix'en to the inx-olx-ed areas reliex-ed the pain in a few weeks. 
The lesion in the right patella, xx-hich was not treated, continued being painful for sex'eral 
months. Hoxvever, the roentgenograms taken ex-erx' three months failed to ^how any 
changes in the areas of bone destruction xvhich could be attributed to the benefit of roent- 
genotherapy. With or xxdthout treatment, the bone lesions and the swollen lymph nodes 
regressed sloxvlx'. The roentgenograms demonstrated a progressive and almost complete 
reossification of all the involved areas, xxithout signs of sclerosis in the surrounding bone. 

Case 4. M. McC., a sixteen-j-ear-old white male, Iiad multiple oo=inophilic granulomata, cnlanrr'mcnt 
of the spleen and Ixnnph nodes, pulmonary infiltration, and diabetes insipidus. 

This patient was first seen in this Clinic in March 1939, complaining of gencralize'i fatigui'. pauT'ul in- 
flamed gums, and a weight lo=3 of twenty-three pounds during the preceding fix'e montL- Tho gum- liail tK-cn 
inflamed for eight montlis and six loose teeth had been extracted in .August 193S.* 

* This patient had been carefully studied by L. E. January, M.D., of the Departmont of Inttmal 
Medicine. 
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lAaiiiiimtioii :i thin, pale, poorly nouribhcd patient, who weighed eighty-two pound?. The 

gum'- \w're innatneil and had receded from tlie teeth; pus could he e.\prc.s=cd from beneath the gurus. The 
remamme tiauli were carious. .Vvillary ami inguinal lymph nodes were palpable bilaterallv. Examination of 
the lungs and heart was negative. The tuberculin lest was negative. The spleen was slightly enlarged. 


Hlood examin.'ilion showed: 

I!ed blood cells . . 

While blood eelb 

I’olynioi phonuclear neutrophils 

Ho'inoph'Is 

Lymjihocyic- 

Haso|)lnI' 

Monocytes 
Hlast e'ell- 


.5,300,000 
8,8-50 
.5.5 per cent. 

3 per cent. 
33 per cent. 

2 per cent. 

4 per cent. 

3 per cent. 


The patient's urine output was considerably increased (average of 6,000 cubic centimeters in twentv-four 
hours; tlie highest was 8,000 cubic centimeters) Tlie .specific gravity was 1.002. The poh-uria responded to 
pituitrin (0.3 cubic centimeter given hypodermicalK' evert' eight hour.?). 

The roentgenograms of the lung' showed a fini- infiltration of the major portions of both upper lung fields. 
The roentgenograms of the shull were negative 

In September 10.19, the patient returned, complaining of pain in the left elbow following a minor injurj*. 
The lower end of the humeru' aiipcared somewhat expanded and was slightly tender. Pronation and .supina- 
tion wen- normal, but the fle\ion-e\ten'ion range of the elbow wa? limited to 1.5.5 to 70 degree' of motion. 
The roentgenograms showed a sharply outlined, lobulated, cystic area in the lower end of the humeru'. The 
cortex wa' thin and expanded, and there was overlying perio'tcal new-bone formation (Figs. 4-A and 4-B). 
The roentgenogram' of the other bone', including the skull, were negative. There wa.s still an infiltration of 
the apices of both lungs, but this was not 'o prominent as in the roentgenograms taken on previou-S admission. 
Blood calcium, phosphorus, [iho-phatasc, and chole,stcrol were within normal linu't'. Calcium e.xcretion in the 
urine was .'lightly elevated. 

The cy.'tic lesion of the lower end of the humerus was cx'plored. The eax-it}- was filled with gelatinous, 
'soft, friable tissue, and the walls were lined with a grayish, fibrous tissue. The underh-ing bone was x-erj' dense 
and hard. This ti"ue was completely removed by curettage and the eax-ity was filled with bone chips from 
the tibia. The histological ‘cct ions showed a very cellular tissue, containing sheet.s of large cell' with abundant, 
pale cytojilasm and round, pale, eccentrically placed x-e-'icular nuclei. Few mitotic figures were pr&'ent. A few 
x'ery large foam cell', with small dark nuclei, xx-ere seen clustered throughout the tissue. Manx- areas .'hoxved a 
great mixtureof large mononuclear cells, lymphocyte', and an e.xtremcly large numborof eo'inophils (Fig.4-E). 

Roentgenogram-s taken on succe'six'e montlis shoxx-ed tliat the cystic area of the humeru', xx'hich had 
been operated upon, xxas becoming smaller. Hoxx'cx'cr, the roentgenograms taken ten months after .'urgerx' 
demonstrated the reappearance of small nexv areas of rarefaction in the same region. Treatment of 600 
roentgen units xxa? then gix'en to the loxxer end of the left humerus. 

In May 1940, folloxxmg a .'ex’cre upper-respiratorx- infection, the patient complained of a draining right 
ear. The roentgenograms rex-ealed destruction of the ba.se of the temporal p 3 Taraid xx-hieh appeared to be one 
large loculated cavity, measuring 4..5 b\' 4 centimeters in size (Fig. 4-F). An ex-ploratorx- ma'toidcctomv xvas 
performed and, after remox'al of a thin, bony shell, pale, .x'clloxxT-'h-gray, .'oft, lobulated tis'ue xxa' easil 3 ' 
scraped out xvith a curette. The histological c.xamination of this tLs'ue shoxx-ed an eo'inophilic granuloma of 
identical structure as the lesion found prex-iously in the loxxer end of the left humeru=. 

Roentgenograms of the pclx-i' shoxxed a c 3 '.'tic lesion in the superior ramus of the pubis and 'ex'cral 'mall 
C 3 'Stic areas in the pubic bone. Three treatments of 200 roentgens each xx-ere gix-en on 'ucces'ix-e da 3 -s to the 
right mastoid and to the right side of the pelx-is. The remaining loo=e teeth xxere extracted; and a fexv xxccks 
later the gingix-iti' and stomatitis had disappeared. The diabetes in'ipidus xvas being controlled bv the injec- 
tion of one eubic centimeter of pitre.'sin tannate in oil, exeiw- three to fix-e da 3 -.s. 

In Max- 1941, the patient returned for consultation; he complained of marked pain in the left elboxv, 
xx-hieh appeared slightly sxxollen. The roentgenograms showed a nexv large area of bone destruction in the 
loxx-er end of the humerus xxhere the old lesion had been (Fig=. 4-C and 4-D). Treatment of SOO roentgen- wa.- 
gix-en to the left elboxv, and the pain xx-as reliex-ed a fexv da 3 -s after the treatment. The le-ion- in the pelvic 
bones xx ere smaller. 

In .luh- 1941, a sharp pain suddenh- dex-eloped in the right ear. There x\-as some diminution of hearing; 
the auricle xvas very tender. The right canal xx-as almost completely occluded by a x-ery painful swelling of the 
floor and roof of the external auditory canal. The roentgenograms shoxved that the defect in the right ma'toid 
had increased in size. Treatment of 600 roentgens, in three dix-ided dose.', xx-as gix-en to the right ear. .\ fexv 
da 3 -s after the treatment the pain had disappeared. 

In September 1943, the patient began to hax-e pain in the left thigh; xxalked xx-ith a limp; liad no appetite; 
and xx-as losing xveight. 


X'OL. 30-A, XO. 4. OCTOBER 194S 


820 


IGNACIO PONSKTI 


I 

r..5p 


f'g' , 


f ^ t A I . »» <<:!’ • ,vW .1 .r ‘ * 4s. * V* ^ ^ ^ 

Fig. 4-E 

Photomicrograph of the tissue found m tlie cystic area shown in Figs. 4-A and 4-B. Largo mono- 
nuclear cells and a great number of eosinophils are seen. 


Blood c.vaniination revealed; 

White blood cells 7,350 

Polymorphonuclear 

neutrophils 68 per ceni 

Eosinophils 4 per ceni 

Lymphocytes 27 per cent 

hlonocytes 1 per ceni 

The roentgenograms of the lef 
femur showed an ovoid area of rarefac 
tion in the corte.x of the mid-shaft, meas 
uring 3.5 centimeters in its greates 
diameter. The surrounding bone wai 
sclerotic (Fig. 4-G). The lesion of thi 
distal portion of the left humerus was al- 
most completel}'^ healed. The lesion in tht 
mid-femur was treated -with 1,200 roent- 
gens through two portals. The pain in the 
thigh disappeai'cd a few days after the 
roentgenotherapy, and the patient re- 
gained Ins appetite. However', the pain 
in the thigh recurred six months later, 
and the roentgenograms showed an in- 
crease in the size of the bone lesion and great thickening of the cortex (Fig. 4-II). Four treatments of 200 
roentgens each were given through each of two portals over the upper portion of the left femur'. The pain 
disappeared again shortlj- after roentgenotherap 3 "; and roentgenograms, taken four months later, showed 
filling in of the rarefied area of the femur with new bone and great thickening of the cortex. 

The roentgenograms showed a new destructive lesion at the junction of the left ilium and ischium, 
medial to the acetabular cavit 3 ' (Fig. 4-1). 

The patient had several other episodes of dull, deep pain in the left thigh. Ho was scon for the last time 
in December 194G, when he was free from S 3 'mptoms and in good health. He still had a slight polyuria, which 
was well controlled by taking pitressin tannate, one cubic centimeter every seven days. Rocntgcnographically 
the lesions of the skull and humerus were healed. The cortex of the middle third of the left femoral shaft was 
ver 3 ' thick and dense. The area of rarefaction in the peh-ic bone was smaller. 



Fig. 4-F 

Roentgenogram of the skull, showing a loculated ai-ea 
in the temporal bone. The biopsy of the tissue filling this 
cavit 3 ’' showed an eosinophilic granuloma. 
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lnf('ct('(l pmns rikI loo'^c toetli were the fii>t symptoms of the disease in this patient. 
Tlie.'O .symptoms liave been noterl early in se\eral other cases diagnosed as Hand-Schiiller- 
Chri.stian di.s(>nv(' in this Ilosiiital. 1’Iii.s case is of special interest, because a tj-pical eosino- 
philic granuloma in the humerus and another in the temporal bone were demonstrated in a 
jiatient with diabetes insipidus, enlarged spleen and lymph nodes, and infiltration of both 
upper lung fields. I'lit'se findings tend to prove Farber’s conclusion that eosinophilic 
granuloma and Hand-?ehulIer-C hristian disease are variants of the same ba.«ic disease 
liroeess. 

In addition to the lesions in the humenis and in the temporal bone, which were e.\- 
plored. the patient also had area- of bone destmetion in the left femur and in both iliac 
bones. The lesions in the humeni- and in the femur e.vpanded and slightly eroded the 
cortex. Later these lesions were surrounded bj' abundant reactive new-bone formation. 
Moreover, the first roentgenograms of the humenis showed the onion-skin appearance of 
reactive periosteal bone formation. 



Fig. t-G Fig. 4-H 



Fig. -l-I 

Fig. 4-G: Roentgenogram of the left 
femoral shaft shows an area of rare- 
faction in the corte.\. The surrounding 
bone is sclerotic. 

Fig. 4-H: The same lesion ten month= 
later. There is great thickening of the 
cortex. 


Fig. 4-1: .\rea of rarefaction in the 
left ilium, medial to the acetabular 
ca\'ity. 


Another unusual feature in this case was the recurrence of the lesion in the humerus, 
more than one and one-half years after a ver3- thorough curettage and filling of the cavit.v 
with bone chips. The sAunptoms due to the lesion in the temporal bone were relieved by 
roentgenotherapy, but reappeared one year later. The area of bone destruction had greatly 
increased in size; this was also true of the lesion in the femur. Although roentgenotherapy 
relieved the pain in this patient, it is doubtful that it had any influence on the evolution of 
the granulomatous lesions. The diffuse infiltration in the upper lung fields, probably due to 
small granulomatous lesions, disappeared in six months without roentgenotherapy. 

The diabetes insipidus in this patient also improved. At first it was nece.'sarx- to give 
the patient 0.3 cubic centimeter of pituitrin In'podermically everj- eight hour.- to control 
the pohuria; in December 1946, one cubic centimeter of pitressin tannate in oil everj' seven 
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days was usually sufficient. It must be 
pointed out tliat I'oentgenotherap}’^ 
was never given to the pituitary I’cgion. 

Casi: ft. T'liis paticiif with cliahefos in- 
.sifiidu.s had areas of bone dcstnictioii in the 
skull and fourth rib, and also in tlic right 
mast oid, wliicli eonfaincdgj-a;iulomatou.s ti.ssuc 
with typical areas of eosinophilic granuloma 
interspersed with extensive fields of foam cells. 

In IMay lO-l.n, G. D., a white boy, four 
and one-half months old, was first brought to 
the Univei'sity Hospitals for treatment of con- 
genital club-foot and a congenital dislocation 
of the left hip. Physical c.xamination was 
not remarkable except for the congenital 
defoi'inities. 

In June 194.5, a diffuse skin eruption 
developed, characterized b\' multiple, well- 
defined, nodular .swellings in the occipital 
I’cgion, several of which had been e.xcori- 
ated. There were many fine maculopapules 
Fig. 5-A over the face and many excoriated areas. 

Case 5. Well-outlined osteolytic lesion in the left parietal diagnosis of infectious dermatitis was made, 
bone. (Roentgenogram has been reversed.) and sulfathiazolc was given by mouth. From 

that time, the patient had frequent upper- 
respiratory infections. The ear canals were alwa3's full of di'ied secretions. 

In December 1945, the patient was examined again and appeared pale and undernourished. Blood 
examination showed: 



Red blood cells 4,900,000 

Hemoglobin 7.09 grams per 100 

cubic centimeters 

White blood ceils 10,300 

Polymorphonuclear neutrophils 33 per cent. 

Eosinophils 2 per cent. 

Lj’^mphocj''tes 45 per cent. 

Monoc.ytes 20 per cent. 


The red blood cells showed anisocj'tosis and poikilocjdosis. Total plasma protein was 5 grams per 100 cubic 
centimeters (albumin 2.6 grams, and globulin 2.2 grams). Staphylococcus aureus and diphtheroids wore found 
in cultures of the ear exudate. 

In March 1947, it was noticed that the child was di-inking large amounts of water and had polyuria. 
There was also a seborrhoeic dermatitis of the .sc.alp and daily temperature to 101 degrees (probabfy due to 


dehydration). One month later a slightly hcmoiThagic c.xudatc started to drain from the right ear canal; the 
posterior canal wall was oedematous, almost touching the anterior canal wall. The cei'vical glands wore en- 
larged. White-blood-cell count was 11,850' blood cholesterol, 139 milligrams per 100 cubic centimeters. A 
course of penicillin (30,000 units four times dailj^ for twenty dai-^s) was given without any apparent benefit 
to the patient. The roentgenograms taken at that time showed failure of development of the mastoid cells on 
the right and sclerosis about the antrum. There was a well-outlined ostcoRdic lesion, four bj^ three centi- 
meters, in the left parietal bone (Fig. 5-A). Roentg^'nograms of the chest showed an expanded area of bone 
destruction in the right fourth rib in the region of the posterior axillaiy line. The lung fields were clear. 

On Ma\" 3, 1947, asimplemastoidectom}’- on the right was performed. A bone defect, about l.S centimeters 


in diameter, was found. The defect was filled with jx'llowish granulation tissue, which was removed hy curet- 
tao’c; the granulations in the external canal were also removed. On histological c.xamination the granuloma- 
tous tissue was found to contain areas in which there were numerous histiocjdcs and cosinojjhils, inter- 
spersed between areas rich in foam cells (Figs. .5-B and 5-C). The patient received a total of SOO roentgtnis 
(eight treatments of 100 roentgens each) to the left parietal region and to the lesion in the right fourth Hi), 

and 600 roentgens to the right mastoid. 

In July 1947, the patient returned with a blood3' discharge from his right ear. A large, gli.stening, winti.sii 
tumor was seen, bulging into the ear canal from the upper postenor portion. Tins soft tumor was the caii.se 
of the bleeding. More x-ray treatments were given to the right car and to the pituitary region m an effort 
to control the diabetes insipidus, which was becoming progressively worse. The pafien is .s i urir ei 


observation. 
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Fig 5-C 

Photomicrographs of the ti-^ue obtained from the nght ma=toid Hi'tioc\-tC' and to-inojiliiL' 
predominate m Pig 5-13 Foam cells arc \er\ abundant in Fig 5-C 


The outstanding finding m this case was the tissue from the right mastoid in tthich 
theie tteie a great number of large mononuclear cells and eosinophils, as are seen in the 
tj^iical eosinophilic granuloma of bone A great number of the large mononuclear cells had 
a finely vacuolated protoplasm In the tissue surrounding the=e areas, the eo-inopluK 
vere veiy scanty and the piotoplasm of the large mononuclear cells appeared definiteh- 
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vacuolated. In more distant fields, cosinoidiils were no longer present; and there were 
extensive areas of foam cells, which wore once thought, t o be diagnost ic of Hand-Schiiller- 
Christian disease. 


We believe that the findings, in this case of Hand-Sohiiller-Cluistian disease, prove 
that the eosinophilic granuloma represents t.hc first stage of an evolutive process which, 
at least in certain cases, undergoes a i'Vansformat.ion into a lipogranuloma. This contention 
is in agreement with Green and Ihvrber’s description of the “life history” of the eosino- 
philic granuloma. Jaffe and Lichtenstein, on the other hand, maintained that “the lesion 
of eosinophilic granuloma can heal by resolution without passing tlirough a lipogranu- 
lomatous stage”. Ihis maj'^ be true in certain cases of eo.sinophilic granuloma of bone 
without other organic disease. 

The outcome of this case is very dubious. Although, when last examined, the child’s 
liver and spleen did not appear cnlai-gcd, his general condition was pool-. 


Case 6. Tfiis )>aticnt liad a difTusc papular crujrtioii ovur mast of her l)afly, Iwpcrtropiiic .and ulcerated 
gums, exophthalmos, extensive bone defects in the .skull, and enlargement of the liver and .spleen. 

B. R., a white girl, three and one-half years old, was first seen in the Department of Ophthalmology in 
February 1942, because of exophthalmos of the right eye. fthc had had dysuria, !\ypcrtrophic ulcers of the 
gums, and a diy scay lesion of tlie scalp for a 3'ear and a half. Si.x months prior to adrni.ssion the patient had 
fallen and struck her head, following which a ma.ss developed over- the right frontal bone, associated with a 
progressively ineveasing exophthalmos of the right eye. There was no history of fever. 

On admission, examination revealed a severe c.vophthalmos of the right eye, but Mie fundi and discs were 
normal. There was a soft, non-tender mass over llic right frontal ai'ca and a similar mass over the occipital 
region. There were abundant greasy scales on the scalp and dried secretions in both car canals. The skin was 
dry; tliere was a generalized papular rash. The teeth were decayed and dirtj-, and the gums wore hypertrophic 
and ulcerated. Examination of the heart and lungs was negative. The abdomen was rotund, although the 
liver and spleen were not enlarged to palpation. Tliere was no polyuria. Red and white blood counts were^ 
normal. Blood cholesterol was 205 milligrams per 100 cubic centimeters; total plasma lipids, 672 milligrams 
per 100 cubic centimeters. 

Roentgenograms of the skull revealed fairy well-outlined areas of bone destruction in tlie right frontal,^ 
temporal, and occipital bones (Fig. 6-A). Loculatcd areas of bone destruction were seen in the mandible 
(Fig. 6-B). There was also an irregular mottling in both lung fields. 

A biopsy of the skin papules showed a sharpy circumscribed infiltration underneath the basal layer of 
the epidermis. The infiltrate was made up of large mononuclear cells, with large, round, or crescent-shaped 
and eccentrically placed nuclei. Occasional large cells with several nuclei were also seen. The c3'toplasm was 
granular and neutrophilic. A few IjTOphocytcs and leukocytes were seen scattered throughout the infilti'ate. 
The connective tissue of the dermis was normal (Fig. 6-C). 

A diagnosis of Hand-Schizllei-Christian disease was made, and the patient was given small blood transfu- 
sions, a low-fat diet, and roentgenotherapy to the skull lesions and jjosterior lung fields. 

Two months after admission the spleen was palpable two finger-breadths below the right costal margin 
and was smooth and soft. Ten montlis later, the e.xophthalmos of tlie right eye had descreasod slightly, but 
the left eye had begun to protrude. A large, movable, non-tender, subcutaneous mass liad developed in the 
right sternocleidoclavicular region, which was thought to represent involved lymph nodes. Roentgenographi- 
cally the bone lesions of the skull liad decreased in size, but a new area of rarefaction had developed in the 
upper parietal region. Treatment with a total of 800 roentgens was given to this area. 

On physical examination in April 1943, the patient appeared much improved. The liver and spleen were 
barely palpable, and the mottled infiltration of the lung fields had disappeared. The skull lesions were then 
treated with 500 roentgens to each parietal area, 600 to the frontal area, and 400 to the occipital area. The 
same treatment was repeated eleven months later. 

In January 1945, a slight exophthalmos was still present, but the roentgenograms of the skull showed 
that the areas of bone destruction wei'e filled with normal-appearing bone. The patient’s general condition 


was excellent. _ 1 

On Juy 4) 1946, the patient complained of intense hcadaclie and vomited repeatedy for .two daj's. One 

month later, it was noticed that the proptosis of both ej-es had increased. There was an enlarged, non-tender 
Ivmoh node in the angle of the right jaw, and two lender, depressed areas, approximately two eentimetens in 
di-imcter could be palpated in the right parietal and frontal bones. They were visible in tlie roentgenograms 
* vniinf/ areas of bone destruction. A new courae of roentgen treatments was given to tiie skull lesions. 

The natient did not improve and was readmitted to the Hospital in June 1947, with a moderate increa.se 
f f) evonhthnimos and great bulging over the skull defects. The vision had dimmisiied. W in e m (he ITos- 
more prominent and a loft facial paresis developed, with homonomou.s hemianop.sia 
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Fig. C-.V 



Fig. 6-B 

Fig. 6-A; Case 6. Roentgenogram of 
the skull reveals extensive areas of 
bone destruction in the nght frontal, 
temporal, and occipital bones. (Roent- 
genogram has been reversed.) 

Fig 6-B: Loculated areas of bone 
destruction in the right mandible. 



Photomicrograph of the skin papules. A circumscribed infiltrate, composed mostly of large 
mononuclear cells, is seen underneath the epidermis. Lymphoc\-tes are conspicuous at the peripherj- 
of the infiltrate. 


and cupping of the optic discs and blurred disc margins. .Alternated motion rate was somewhat impaired in 
the left arm and left leg, and the left biceps reflex was hyperactive. These sjTnptoms were probably due to a 
lesion in the right temporoparietal cerebral area or perhaps to the compression of the same area of the brain 
by the bulging granulomatous tissue in the skull defect. The patient became stuporous and had conniI=ion= 
on two occasions. The liver was tno finger-breadtiis below the costal margin and the spleen was barely pal- 
pable. There was no noticeable pohtina and the specific graWty of the urine varied from 1.00.3 to l.OI-l. The 
condition of the child was poor at the time of her discharge from the Hospital. 

This patient had a typical Hand-Schfiller-Christian syndrome, although she had no 
diabetes insipidus. She improx’ed greatly and was sxTnptomless. except for a slight exoph- 
thalmos. for a period of over three years. How much of this improvement can he attributed 
to the roentgenotherapy is not known. Then came an acute exacerbation of the di=oa-e. 
which did not respond to roentgenotherapy. The liver and spleen became enlarged, and the 
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showed en InfhJ r 1 ° ^"set of the disease, 

X "T «P of large mononuclear cells, probably 

histiocytes, with coarsely granular cytoplasm. This lesion is typical of this group of dis- 
eases, and It can be seen m both Hand-Schiiller-Christian disease and Letterer-Siwe 

disease. It is quite similar to the skin lesion seen in Case 8. The prognosis for this patient 
IS grave. ^ 

patient had a small encapsulated tumoi in the subcutaneous tissue of the back, adiich on 

/ntl !l 1 ^ \ T? f strange-looking granulation tissue. No diagnosis was made until 

SIX months latei , when a definite chmcal picture of Lettei ci-Siwe disease developed. 

r . a 'vas first called to our attention at the age of one and one-half .years, when the local ph 3 'sician 
foi waidcd the histological sections of this subcutaneous nodule for diagnosis. It was described as being "the 
size o a pencil eraser, encapsulated, and freely movable”. The microscopic pictuie was that of a chronic 
panulomatous tissue, in which tiieie were numerous giant cells of vaiying sizes; the nuclei varied in number 
fiom eight to ten, and ^yeIC situated at the pciipheiy of the cells. They were large, pale, leticular, and con- 
tained verj' distinct nucleoli. The protoplasm was finely gianular and very abundant. TJicre weie also many 
laigc mononucleai cells uith piotoplasni and nuclei which wcie similar to the giant cells. Xeutiophils, lym- 
phoc 3 des, and eosinophils were seen in inodeiate numbers (Fig. 7-A). We were unable to make a fliagnosis 
from these sections at that time. 

Six months later, in Maj’ 1942, the child was admitted to the Petiialiic Sei vice foi stutb' and diagnosis. 
The paients stated that a geneialized itching had developed, and they had noticed a lump in the liglit .side 
of the abdomen five months prior to admission. Two months later, pneumonia developeti, witli ascites and 
oedema of the lower extremities. lie had had thice week.® of digitali® tlierap.v. 
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The physical examination on admission revealed a well-developed, well-nourished, two-year-old white 
bo}^ The abdomen was markedly enlarged, and the liver extended below the umbilicus. The lower edge was 
smooth and firm, but there was a large nodular mass on the anterior surface below the right costal margin 
The spleen was also enlarged and had a smooth, soft, rounded edge. There wore no lesions of the skin to ac- 
count for the itching. The inguinal and axillai’y 13'^mph nodes were moderately enlarged. Urine examinations 
vere negative. The rcd-blood-cell count was 4,000,0005 hemoglobin, 11 grams per 100 cubic centimeters, 
The white-blood-cell count was 13,800. Blood cholesterol was 25.5 milligrams per 100 cubic centimeters; total 
lipids, 883 milligrams per 100 eubic centimeters. Plasma proteins, albumin, and globulin wore normal. Was- 
sermann test was negative. 

The roentgenograms showed a small, irregular area of rarefaction in the up[)cr end of the right tibia 
(Fig. 7-B). A lateral roentgenogram of the skull demonstrated four sharply circurnscriijed areas of rarefaction 
in the vault, varying in size from five to ten millimeters in diameter (Fig. 7-C). A J-oentgenogi'am of the chest 
showed innumerable opaque infiltrative le.sions, one to two millimeters in diameter, uniformly distiibutcd 
throughout both lung fields (Fig. 7-D). 

The patient remained in the Hospital for three weeks, during which time he was afebrile. He was given 
a low-fat diet and received roentgenotherapy, -800 roentgens to the involved tibia, 600 roentgens to the 
liver, 800 roentgens to the chest, and 600 roentgens to the skull. The liver was treated very cautiously, with 
not more than 50 roentgens per treatment, and only one side of the chest was irradiated at a time. 

The patient returned to the Hospital on August 3, 1942, showing some improvement. The abdomen was 
still distended. The roentgenograms demonstrated that the punehed-out areas of the skull were much smaller. 
The lungs showed veiy slight improvement, and there was no change in the lesion of the tibia. No treatment 
was given at that time. 

In October 1942, the patient began itching again. There had been no great change in the size of the 
upper portion of the abdomen. The roentgenograms showed that the skull defects had disappeared, the lungs 
were not improved, and tiie tibial lesion was still present. No roentgenotherapy was given at that time. 

The patient did not return to the Hospital until April 1944. Flo had been up and about until December 
1942, when pneumonia had developed and he had been confined to bed for three months. In September 1943, 
the patient had begun passing large amounts of urine at frequent intervals, he had lost his appetite, and 
ascites had developed. Many teeth had become loose and had fallen out, and the itching had increased in 
severity. Jaundice had been noticed in the sclera about three weeks prior to admission. The stools had been' 
light yellow to gray-white. 

The child appeared poorly developed and malnourished. The skin was dry, and there were many excoria- 
tions. A few remaining teeth were carious and loose. Blood pressure was 100 systolic, 75 diastolic; examina-/ 
tion of the heart and lungs was negative. There was ascites and the superficial veins of the abdomen were 
distended. The liver was nodular and enlarged as on previous admissions. The spleen was also enlarged. 
Tendon reflexes were hypo-active. The child had a ver3'' severe polyuria, and the specific gravit3’- of the urine 
was 1.003. No sugar or albumin was found in the urine. 

Roentgenograms of the chest continued to show extensive infiltration in both lung fields, which had not 
changed since the roentgenograms taken on the first admission. The skull appeared normal, and the sella 
turcica was of normal size. The child was again given roentgenotherapy, — 700 roentgens to the pituitary 
region, 700 roentgens to the liver, and 600 roentgens to the mandible. 

Following this treatment, he became progressively worse, with increasing ascites and oedema of both 
lower extremities; he expired on February 20, 1945, No autops3' was perfoi-med. 


Certain clinical findings in this case, such as the enlarged liver and spleen, moderate 
enlargement of all palpable lymph nodes, moderate anaemia and leukocytosis, and exten- 
sive infiltration in both lungs, suggest Letterer-Siwe diseased However, other findings — 
such as diabetes insipidus, moderatel3'' high blood cholesterol, and total lipids — are more 
characteristic of Hand-Schuller-Christian disease. The peculiar histological structure of 
the subcutaneous growth in the back is difficult to classify, but is more indicative of a 
lipogranuloma than of the lesions found in Letterer-Siwe disease. Skull defects, such as 
this patient had, have been described in both diseases. This patient, then, showed charac- 
teristics of both diseases; the case emphasizes that Letterer-Siwe disease and Hand-Schiiller- 
Christian disease are but two manifestations of the same pathological process. 


Case 8. J- iU-, a fourtcen-month-old wliite girl, was first seen in this Hospital in Fcl^ruaiy 1942. B hen 
she was six months of age, a rash had developed over the head and body, whicli was diagno.sed a.s infantile 
eczema. At eleven months of age, it was noticed that she did not use her left arm and that there wa.s a tumor 

in the loft shoulder which continued to grow slowb*. 

The oalient appeared caehcelic; the skip over the scalp n.td Ironk teas covered m l a small pap d.r 
rashff an almSt vesicular, seberrhocic type of lesion. There wore deep. nccr„„c ulcers of ho .vluch 
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wi-rt' Mil nuindi'd liy coiisidcralilc •'UcllitiK and rrdm - I 
ovidato, and thi' oar driiin- wen- roddi'iied and tin. . • i . 
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I i 


ir lanal.^ w-ero filled w-ith thick, yellow-, cheesy 
he mouth show-ed hypertrophj- of the gingiva 
iv< Both the liver and spleen v.-ere moderately 
1 iIk- upper portion of the left humerus, and the 
and non-fluctuant. The fundi of both eyes n-ere 
1 and \Va=sermann reaction w-ere negative. 


lli'd blood relb 2,600.000 

White blood crib 11,200 

I’olymorphonurle.M neutrophil- .58 per cent. 

Lymphocyte- 2.3 per cent. 

Monocytes. 9 per cent. 

Degenerated cell- . 4 per cent. 

I-arge immature cell- (probahK of the monocj-tic seriecj 6 per cent. 


Blood ehole.-terol w.-i- 191 milligrams per 100 cubic centimeters. The serum calcium, phosphorus, and phos- 
p!nt.a-e value.- were normal. 

The roent genogr.im« demonstrated an exleiisivc area of bone destruction in the upper end of the humeral 
shaft, mca-uring five rciitimeler.- in length and four centimeters in width. The pro.-dmal humeral epiphvsis 
w-.as not invaded. The cortev w-.as perforated and there w-as much periosteal reaction with partial destruction 
of f he neivh- formed [icrio'teal hone (Fig. S-B). In the upper end of the right femoral shaft, there w as an ex- 
tensive area of bone destniction. The outer cortex w-as perforated, and there w-as abundant periosteal new- 
bone at the low-er margin of the lesion (Fig. S-A). The roentgenograms of the other bones and of the chest 
were negative. 

The mass in the left humerus was c.vpiored. The corte.x w-as paper-thin, and underneath it there was a 
firm, rather uniform, pinkish tissue with a slight yellowish cast. On microscopic e.xamination, this tissue ap- 
peared to be of uniform structure, with a fine fibrillar network. Large mononuclear cells were predominant; 
their nuclei w-ere pale, oval, or round with finely reticular chromatin. Mitotic figures were abundant. .A few- 
giant cells w-ith three to four nuclei were seen. Leukoc\-tes, neutrophils, and a few eosinophils w-ere scattered 
throughout the section (Fig. 8-D). The newiy formed periosteal bone at the peripherj- was being invaded 
,hy the tumor. Sudan III stains showed some yeliow--staining granules in a few- mononuclear cells, which could 
■ be interpreted as lipoid material. 

' .-V biopsj- of the skin of the anterior w-all of the chest was also obtained. The epidermis w-as irregularl}- 

acanthotic. In some areas of the epidermis there were small, w-ell-outlined collections of large mononuclear 
cells and a few- leukocytes. The papUlaiy layer of the cutis was oedematous and contained peculiar large 
mononuclear infiltrates. The nuclei of these cells w-ere round or shaped like a horseshoe. Abundant mitotic 
figures w-ere seen (Fig. 8-C). The subepidcrmal oedema had progressed to vesicle formation in sex-eral places, 
and contained large mononuclear cells and leukocj-tes. The low-er and mid-cutis w-ere essentially- normal. 
This skin lesion was clinically and pathologically veiy similar to that of Case 6. 

Roentgenotherapy- — a total of 800 roentgens to the left humerus and the right upper femur — yvas given. 
The mass in the left arm had decreased in size a few w-eeks after the treatment and was less tender. More 
x-ray treatments y\-ere given to the left humerus and the right femur in June 1942. 

The child yvas brought back to the Hospital on .August -31, 1912, and he appeared to be nearly moribund. 
There was nodular hypertrophy- of the gums and marked jaundice. The liver and spleen had increased in 
size. There yvas sw-clling in the left supraclavicular region. On the roentgenograms the lesion of the femur 
appeared smaller; the lesion of the humerus show-ed no change. The patient became progressively' weaker 
and died in Xoy-cmbsr 1912. Xo autopsy- w-as performed. 


The lesion in the left humerus was verj' extensive and destructive. The upper arm 
was tender, but not particularlj- painful. On the roentgenograms the lesion appeared to 
I be more expansive than infiltrative, although it had destroyed the bone cortex of half the 
humerus. The epiphj^seal plate was not invaded. The biopsy shotved that the soft tissue.^ 
of the upper arm had not been invaded. The lesion in the upper portion of the femur, 
although destructive, was well outlined by normal-appearing bone in its upper and loyver 
margins. The outer cortex had been perforated. The biopsy of the area of bone destniction 
in the humerus showed a lesion compatible with Letterer-Siwe disease. The clinical find- 
ings and the rapid dow-nhill course of the patient were typical of that disease. 

The skin lesions observed in this patient appeared clinically and micro-eopically to 
be quite similar to the lesions observed in Case 6 (Fig. 6-C), yvhich was a typical ca^e of 
Hand-Schiiller-Christian disease. In Case 6. hoyy-ever, the infiltrates yvere smaller, hut 
their cytologj' was identical to the cytology in Case S. 
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DISCUSSION OF FINDINGS 

These eight cases demonstrate that oo.sinopliilic granuloma of bone, Hand-Schiiller- 
Chiistian disease, and Lcttercr-Siwc disease represent different clinical and anatomical 

manifestations of the same underlying pathological process 
T'hc solitary cosinoiihilic granuloma of bone is the mild 
cst clinical form of this group of diseases. The local sj^ptom 
are tumor, tcndcrnc.ss, and very slight pain. (The pain iva 
more severe on weight-bearing in Case 2 because the lesion ha( 
destroyed a great jjortion of a weight-bearing bone.) Then 
are no general symptoms, d’he roentgenograms show a mon 
or less clear-cut defect, well outlined by normal-appearing 

bone. There may be reactiv( 
periosteal new-bone formation 
(A pathological fracture re- 
sulted from the destniction oi 
the bone cortex by the expand- 
ing lesion in Case 2.) 

The case of a solitary eosin- 
ophilic granuloma of bone has 
a good prognosis, and the lesion 
does not recur after its surgical 
removal or after roentgeno- 
therapj’’. However, particular 
malignant forms ma}’' occui;^ 
which are resistant to treat- 
ment and which may recur, 
producing great bone destruc- 
tion. Even in these instances, 
the general outlook for the pa- 
tient is good. 

Patients with multiple 
eosinophilic granulomata may 
or may not show signs of gen- 
eral illness. One patient, a 
male with multiple eosinophilic 
granulomata, has been followed 
in these .Hospitals for seventeen 
years. .He was three 3''ears old 
Avhen the first lesion appeared 
in the femur, ndiich was sup- 
posedl}'^ “drained” by his ph3'-sician. Since then, he has had areas of bone destruction in 
both femora, both tibiae, both iliac bones, multiple ribs, the right clavicle, the right ulna 
and radius, and the mandible, and multiple lesions in the skull. In addition, he has had 
several fractures. Man3^ of these lesions did not produce s3'-mptoms, although pain of six 
months’ to one 3'’ear's duration accompanied the first lesions in both femora. No treatment 
was given, and the roentgenograms showed that the areas of bone destj-uction had been 
partiall3^ or totall3" filled with new bone. This patient had had slight persistent leukoc3’’- 
tosis with 4 to 5 per cent, eosinophils, but no other general s3'-mptom. 

Another patient (Case 3) with multiple granulomatous lesions in several bones had 
signs of more generalized involvement. His disease represented a transitional form between 
multiple eosinophilic granuloma and Hand-Schuller-Christian disease. 




Fig. 8-A 


Fig. 8-B 


Fig. 8-A: Case 8. Roentgenogram of the riglit femur shows an 
extensive area of bone destruction. There is periosteal new-bone 
formation at the lower margin of the lesion. 

Fig. 8-B: Roentgenogram of the left humerus shows a veiy 
extensive area of bone destruction. The upper humeral epiphysis 
is not invaded. 
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( :i>(' 4 \v;\s a i)aticnt witii Hand-Schiiller-Chnhtian disease and multiple eosinophilic 
•amdomata. In Case o. lesions of eosinophilic granuloma were seen in close proximity to 



Photomicrograph of the biopsy specimen from the skin. CoUection-= of large mononuclear cell* 
are seen in th^epidermis and underneath the ba.sal-cell layer. 



Photomicrograph of the biopsy specimen obtained from the left }iumeru=. I.arge mononuchar 
colls with pale nuclei and lcukoc\'tcs arc ‘=ccn. 
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DISCUSSION OP FINDINGS 

These eight cases demonstrate that eosinophilic granuloma of bone, Hand-Schiillei 
Christian disease, and Lctterer-Siwe disease represent different clinical and anatomicr 

manifestations of the same underlying pathological process 
The solitary eosinophilic granuloma of bone is the mild 
est clinical form of this group of diseases. The local s 3 ^mpton] 
arc tumor, tenderness, and very slight pain. (The pain wa 
more severe on weight-bearing in Case 2 because the lesion ha 
deslro.yed a great portion of a weight-bearing bone.) Thei 
are no general s.ymptoms. The I'ocntgenograms show a raoi 
or less clear-cut defect, well outlined b}^ normal-appearin 

bone. There maj" be reactiv 
periosteal new-bone forraatior 
(A pathological fracture n 
suited from the destruction ( 
the bone corte.x bj^ the expanc 
ing lesion in Case 2.) 

The case of a solitaiy eosii 
ophilic granuloma of bone ha 
a good prognosis, and the lesio 
does not recur after its surgici 
removal or after roentgenc 
therapy. However, particula 
malignant forms may occii 
which are resistant to trea" 
ment and which may recu: 
producing great bone destrin 
tion. Even in these instancei 
the general outlook for the pf 
tient is good. 

Patients with multipl 
eosinophilic granulomata ma 
or may not show signs of ger 
eral illness. One patient, 
male with multiple eosinophili 
granulomata, has been folio we 
in these Hospitals for seventee 
j'^ears. He was three j'^ears of 
when the first lesion appeared 
in the femur, which was sup 




Fig. 8-A 


Fig. 8-B 


Fig. 8-A: Case 8. Roentgenogram of the right femur sliows an 
e.xtensive area of bone destruction. There is periosteal new-bone 
formation at the lower margin of the lesion. 

Fig 8-B: Roentgenogram of the left humerus shows a very 
extensive area of bone destruction. The upper humeral epiphysis 
is not invaded. 


posedly “drained” by his physician. Since then, he has had areas of bone destruction ii 
both femora, both tibiae, both iliac bones, multiple ribs, the right clavicle, the right uln: 
and radius, and the mandible, and multiple lesions in the skull. In addition, he has ha,( 
several fractures. Many of these lesions did not produce sj^mptoms, although pain of sii 
months’ to one year’s duration accompanied the first lesions in both femora. No treatmen 
was aiven and the roentgenograms showed that the areas of bone destruction had beer 
partially or totally filled with new bone. This patient had had slight persistent leukocy- 
tosis with 4 to 5 per cent, eosinophils, but no other general symptom. 

Ano hei parent (Case 3) with multiple granulomatous lesions in sevcml bones had 
Stans ormt glraliscd invoUent. His disease .epsesented a t. ans.Uonal form beUveon 
StipL eosinophilic gcanuloma and Hand-SeMiilc-Chnst.an d.scaso, 
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('asp 4 was a patient with Hand-Schuller-Christian disease and multiple eosinophilic 
gramdomata. In Case o. lesions of eosinophilic granuloma were seen in close proximitj' to 



Fio. S-D 

Pliotomicrograph of tlic biopsy specimen obtained from the left humerus. I.arfre mononuclerir 
cells witli pale nuclei and leukocytes arc seen. 
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extensive fields of foam cells in the tissue removed from an area of bone destruction in the 
mastoid. This iiaticnt had had several other areas of bone destruction and diabetes insipi- 
dus. It is obvious, then, that there exist intermediary foi’ms betivccn multiple eosinophilic 
granuloma and Hand-Schuller-C.hrist.ian disease; and that identical pathological lesions 
can be seen in both diseases. In a similar way, Cases (5 and 7 can be considered to be tran- 
sitional forms between liand-Schiiller-Chi-istian disease and Letterer-Siwe disease. The 
solitaiy eosinophilic granuloma of bone and the uncomplicated multiple eosinophilic gran- 
ulomata form a distinct clinical group. However, fi'om a clinical point of view, it would be 
convenient to group cases of multiple eosinophilic granulomata of bone, with similar in- 
volvement of other organs, under a common heading with .Hand-Schuller-Christian dis- 
ease and Letterer-Siwe disease. Six of these cases (Cases 3, 4, 5, 6, 7, and 8) belong to this 
common group. 

T he age of the patients of this group at the onset of symptoms varies, although it is 
often during early childhood that symptoms appear, usuallj’’ in an insidious manner. Skin 
lesions, in the form of a generalized papular rash of minute lesions, and seborrhoeic der- 
matitis of the scalp are frequently seen. 

A peculiar inflammation of the gingivae, with hypertroph}’' and, occasionally, ulcera- 
tion of the gums, is frequentl}'’ an earl}'’ symptom. The roentgenograms of the maxilla 
showed small cystic areas of bone destruction adjacent to the alveoli in three cases. 

The ear canals are inflamed, tender to palpation, and filled with a dry, yellow exudate. 
A bloody discharge, due to the growth of granulomatous tissue into the ear canal, ap- 
peared in one patient (Case 5). The mastoid is often tender and the roentgenograms show 
a more or less extensive defect in that bone. Exophthalmos is seen in some patients. 

Moderate enlargement of several or all of the palpable lymph-node groups was found 
in all of the patients. The spleen and the liver may be enlarged. \ 

The physical examination of the chest is invariabl}’’ negative. .However, a more or 
less extensive infiltration in both lung fields is often seen in the roentgenograms. The in- 
filtration is formed by small lesions, uniformly distributed. 

Diabetes insipidus may be an early symptom. In Case 4 the diabetes insipidus im- 
proved concurrently with improvement of bone lesions. Water metabolism is often normal. 

The red-blood-cell count may be slightly low; the leukocyte count is often elevated. 
The differential count shows an increase of the neutrophils. Slight eosinophilia may or 
may not be present. 

The blood cholesterol and total lipids are usually within normal limits. Blood Wasser- 
mann tests and Kline reactions are negative. 

Bone lesions are very frequent. The skull was involved in all of the patients but one, 
where the lesions Avere limited to the extremities. Any bone ma}' be affected, even meta- 
carpals and phalanges, as seen in Case 3. The roentgenographic appearance of the bone 
lesions in Hand-Schiiller-Christian and in Letterer-SiAve diseases Avas usually identical to 
that of the lesions of solitary or multiple eosinophilic granulomata. The areas of bone de- 
struction AA'ei-e frequently sharply outlined and the surrounding bone appeared normal. 
Very destruetKe lesions AA'ere seen in one patient (Case 8), AA'ith destruction of the cortex 
and abundant reactiA'e periosteal ncAA'-bone formation. 

All of the bone lesions explored AA'ere found to be filled AA'ith granulomatous tissue, 
made up of a great number of large, mononuclear cells, probably histiocytes, and a small 
number of leukocytes. Except in the typical eosinophilic granuloma, eosinophils were not 
present and the cytoplasm of the histiocytes appeared to be finely or coarsely A'acuolated. 
In other cases, the granulomatous tissue Avas made up of extensive sheets of foam colls. 
Intermediary stages betAA'een these different types of granulomatous tissue Aceie seen in 
one lesion in Case 5. The structures surrounding the areas of bone destruction were m no 
instance infiltrated by the granulomatous tissue, even in the most mahgnant-appearmg 

lesions. 
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It is not certain tliat the evolution of the le.-ions of eosinophilic granuloma always 
follows an established pattern. It seems that the healing of the lesions bj* resolution, as 
explained by Jaffe and Lichtenstein, is possible, and probablj' occurs frequently in the 
uncomplicated cases of eosinophilic granuloma. On the other hand, eosinophilic granu- 
loma may pass through a lipogranulomatous stage before healing. This is probably most 
frequently the case in patients with Hand-Schtiller-Christian disease. 

The cause of this group of diseases is unknown. The clinical findings and the histo- 
logical characteristics of the lesions seem to indicate that the inciting factor may be a 
low-grade infection. However, repeated attempts to find an infectious agent have failed, 
^lore research will be necessary to arrive at a definite conclusion. The nature of the patho- 
logical lesions in this group of diseases is eompletely different from the character of the 
lesions found in Niemann-Pick disea.«e and other lipoid-storage diseases. Hand-Schuller- 
Christian disease and Letterer-Siwe disease should probably not be included in the group 
of diseases caused by disturbed lipoid metabolism^. 

It is also unjustifiable to classifj’ all xanthomata of bone in the same group with eosin- 
ophilic granuloma. A bone xanthoma in some cases maj' be a terminal phase of a lesion 
which initially was a low-grade infection, an eosinophilic granuloma, or secondarj- to 
trauma. Xanthoma cells are frequently seen in chronic osteomyelitis, but they are in no 
way specific of any one type of bone lesion. 

The evolution of these diseases often is not affected by any form of treatment. As a 
general rule, the older the patient, the more favorable the prognosis. The fatalities usually 
occur in children, after a more or less protracted course, but patients over ten years of 
age usually survive. 

Roentgenotherapy was given to the bone lesions in all of the patients. The pain was 
relieved in each case a few days after treatment ; however, it was difficult to evaluate the 
effect of the roentgen treatments on the development and final outcome of the bone le- 
'.sions and on the disease as a whole. In Case 3, where one of the bone lesions and one group 
of Ij-mph nodes were not treated, the pain persisted in the untreated lesion, but rapidly 
disappeared in the treated areas; yet the bone lesions filled in with normal-appearing bone 
at the same rate, regardless of whether or not the}' had been treated. Likewise, the treated 
and untreated cendcal Ij-mph nodes regressed at the same rate. In Case 4, the infiltration 
of the lung disappeared without treatment. The infiltration in Case 6 disappeared one 
year after roentgenotherapy; yet in Case 7, there was no change in the pulmonarj- infil- 
tration despite roentgenotherapy. Notwithstanding these e.xperiences, the author believes 
that roentgen treatments usually have a favorable influence upon the granulomatous 
lesions in eosinophilic granuloma, Hand-Schuller-Christian disease, and Letterer-Siwe 
disease, and that roentgenotherapy should always be given to these patients imtil the 
etiolog}' of these diseases has been discovered. 
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THE RESPONSE OF THE QUADRICEPS FEMORIS TO PROGRESSIVE- 
RESISTANCE EXERCISES IN POLIOMYELITIC PATIENTS * 


BY THOMAS L. DELORiME, M.D., ROBERT S. SCIIY'AB, M.D., AND 
ARTHUR L. -WATKIXS, M.D., BOSTOX, MASSACHUSETTS 

The response of poliomyelitis-weakened muscles to progressive-resistance exercises 
has been studied in twent3'’-seven quadriceps femoris muscles. The effectiveness of these 
power exercises for increasing strength in normal muscles and in those atrophied as a 
result of immobilization prompted this study 2 . 3 . 5 . 6 ,s. 9 ,n.i 2 ,i 3 .i 7 _ rationale for treatment 
was based upon the lij'^pothesis that, in poliom3''elitis, the remaining innervated muscle 
fibers are normal and, therefore, possess the same potentialities for h3'’pertroph3’^ and power 
as normal muscles. Thus the degree of the muscle’s response to e.xercise should be directR 
proportional to the number of muscle fibers with intact nerve suppl3c Results cleaiR" 
indicate that poliom 3 '’elitis-U’eakened muscles respond in much the same fashion as do 
normal muscles, but to a degree proportionate to the number of remaining innervated 
muscle fibers. 

Method of Exercise 

Three quadriceps femoris e.\'- 
ercises were emplo3’'ed in this 
stud3c For muscles of sufficient 
strength to completel3'’ extend the 
leg against gravit3’', exercisj 
shown in Figiu’e 1 was used 
Weaker muscles were exercisec 
with the assistance of gravit3'^ in 
the manner illustrated in Figure 
2 . In addition all muscles, re- 
gardless of grade, performed the 
exercise shown in Figure 3 . Thus 
each muscle performed tu'o e.x- 
ercises. Each exercise was per- 
formed for thirt3’' repetitions, 
which were broken up into three 
sets of exercises with ten repeti- 
tions per set. A rest period of 
about one minute was allowed 
between each set of ten repeti- 
tions. A complete exercise period, 
therefore, consisted of two ex- f 

Quadriceps femoris exercises emplo3"ed for muscles of suffi- ercises each performed for thirt3'' 
cient strength to extend completed against gravity. , 

repetitions. 

Subjects of the Investigation 

Nineteen subjects participated in this investigation, eight males and eleven females. 
Eight had bilateral involvement, and, therefore, comprised sixteen of the twent3’’-.sevcn 
quadriceps studied. The interval between the end of the acute stage of the disease and the 
initiation of e.xercise ranged from one to fort3’'-nine 3’'ears; therefore, changes in mirscle 

*This studv ivas aided hv a grant from The National Foundation for Infantile Parahsis, Inf., N( w 
York, N. . 
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Gra%ntv-as«isting e\'crci«c for extremely weak quadriceps femon 




Combined extension exercise for nip and knee. 

"unction obsen'cd during the exercise period ivere probabh' due to exercise and not to 
spontaneous recoverj-. The ages of the participants ranged from eighteen to fifty years. 
Originally, it was intended that all patients receive exercise for four months. However, 
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m only fourteen of the twenty-seven quadriceps femoris muscles studied, was the foiu 
month period completed. Of the remaining tliirteen in which the full course of exercise wa 

accounted for because of financial, occupational, or transportatio] 
difficulties of the patients. In 

the other three, strength 
equal to that of the unin- 
volved extremit 3 '^ (as meas- 
ured by strength tests) was 
attained before the end of 
the four-month period. All 
subjects in this investigation 
exercised once daily, four 
days a iveek. One-repetition 
ma.ximum and ten-repeti- 
tion maximum were deter- 
mined once aAveek 




Fig. 4 


Fig. 5 


Fig. 4: In the position siiown, the patient is instructed to extend the leg with a maximum of effort 
The sitting position is maintained constantlj^ m order to prevent substitution and “trick” movements 
The highest of three readings is taken as representing the maximum quadriceps power in pounds. 

Fig. 5: The ergograph shown is extremely simple and easy to construct. The drum and ink-writing 
pen were taken from an old basal-metabolism machine. The weight pan, jB, is attached to the foot by 
means of a cable which operates over three pulleys. As the knee extends, the weight pan ascends. Knee 
extension is initiated from a position of 90 degrees of flexion. The thigh may be strapped to the table to 
prevent movement. A constant sitting position is maintained throughout the e.xercise period. 

A string from the weight pan, B, passes over three pulleys and then through the pulley mounted on 
the pen (see inset). This arrangement reduces the excursion of the pen to one-half that of the weight pan. 

this technique the load to be lifted decreases as the knee c.xtends, which for some purposes, already 
described, is undesirable. However, most activities, such as walking, stair-climbing, running, bic 3 ’’cling, 
or arising from a sitting position, are such that the quadriceps burden is reduced as the knee extends. 
Therefore, the ergographic technique employed is believed adequate for evaluations of work capacitj'' of 
muscles operating under conditions present in everyday functional activity. 


Throughout the period of investigation, the patients received no other remedial exercises, 
and the}'’ were instructed to continue daily activities as usual. 

Methods of Evaluation 

The progress resulting from exercise was evaluated at monthl}'- intervals. Studies 
were made of: (1) muscle strength (maximum single effort); (2) work capacity; (3) limb 
volume; (4) electrical activit}'-; and (5) functional ability. All tests on any one subject were 
scheduled at the same time of dajq in an attempt to avoid diurnal variations. 

1. Maximum Muscle Strength: Muscle strength was studied by two metliods. One 
method' of testing was 6}^ having the patient sit on a tahfc, with hi.-? knee flexed at 90 
degrees over the edge (Fig. 4). A spring scale was attached to the foot in this position, and 
the patient was instructed to exert a maximum amount of effort, the power, mea.siii-ed in 
pounds, being read direct!}" from the scale. The other evaluation oA-strength was by the 
Lovett method of muscle grading. 
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2. H’or/.- Caparili/: Tlic work capacity in loot-pounds was measured with the ergo- 
graph (Fig. 5). The jiaticnt was not only familiarized with the ergograph. but was allowed 
to jiractisc with light loads, and, for continuous motivation, was permitted to watch the 
ergograph throughout the exercise period. The following work conditions were stand- 
ardized: 

.V. Speed of doing work (twenty-six repetitions per minute). 

B. Rhythm of exercise (set liy a metronome, gi\'ing an auditoiy and %-isual signal). 

C. Load on muscle (sufficiently hea\y to produce a sharp fatigue cuiwe within one- 
half to two minutes). 

By standardization of these conditions, the duration and extent of effort were the only 
remaining variables. Only one cycle of exercise was performed. The times occupied by 
relaxation and contraction were equal. As strength improved, the loads were kept constant. 
Improvement was thereby manifested b\' changes in conformation of the original fatigue 
curve. 

The method of ergography employed here was not one in which the muscle load re- 
mained constant throughout the full arc of motion, as advocated by Hellebrandt and 
Skowlund. In our ergograph, the muscle load was greatest in the initial phase of the e.xer- 
cise and gradualh' decreased as the leg was carried into extention. Considered from the 
point of view of moments of force acting in this arrangement, the exercise should have 
become easier as the knee was extended. However, this did not prove to be entirely true; 
with the onset of fatigue, the height to which the weight could be raised gradually de- 
creased. Thus the decreasing mechanical advantage of the pull of the weight was probably 
offset to some extent by changes in effective lifting tension, present in different phases of 
the arc of motion, thereby making the exercise more difficult. Since the purpose of the 
'ergographic studies was chiefly to help evaluate the functional improvement, and not for 
accurate determination of work capacity, which involves rigid standardization of measure- 
ment, it was felt that the technique emploj-ed here was acceptable. 

3. Limb Volume: A simple and effective method for studj-ing limb volume was de- 
^^sed by one of the authors (R.S.S.). The method is illustrated in Figure 6, and consisted 



Fig. C 


The tape is applied in the manner illustrated. A string is then extended from the anterior ■••uperior 
spine to an ink dot on the mid-point of the suprapatellar border. .At each intersection of the string 
and tape a reading (in inches) is taken. Bj' subtracting the reading from the one above it, a series of 
circumferences are obtained. These are plotted in graphic form, as shown in Chart I. 

In true circumferential measurements, the helix must be corrected for: however, in comparative 
studies, this is unnecessanx 
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essoiitially in winding a one-incli tape spirally about the extremity inth the edges imme- 
diately adjacent. A string was placed at a right angle to the tape, and readings were taken 
at the intersection of the string and the tape. From these readings, the volume of the limb 
covered by the tape could be calculated in cubic centimeters, or the circumference per turn 
of tape could be plotted graphically (Chart ly B 3 ' careful application of the tape, the maxi- 
mum circumferential variation was reduced to one-quarter of an inch. For showing changes 
in thigh I'ohime in thi.s investigation, the tatter method ivas chosen. 

4. Electrical Activity: Records were obtained, from standard positions on the quadri- 
ceps, with paired surface electrodes leading into an ink-writing oscillograph. Spontaneous 
discharges from resting muscles, effects of passive stretching, and patterns of active po- 
tentials on active motion against maximum resistances were studied. The total voltage 
output was roughh' quantitated b\' means of an integrator, according to methods pre- 
%'ioush' described b\’ Schwab, \\'atkins, and Brazier. Samples were taken before e.xercise 
therapj* and at monthh' intervals during treatment. 

5. Functional Ability: At the end of the exercise program, subjective and objective 
signs of improvement wore recorded, — that is. in gait, fatigue, stair-climbing abilitj', et 
cetera. 


results 

Muscle Power 

The inadequacies of the Lovett manual method of muscle grading for evaluating 
true muscle power are well recognized. However, it was felt that such a test would be of 
clinical interest, in %'iew of its widespread use. Therefore, all Lovett grades were given bj' 
the same technician, without access to the pre\'ious grading. Lovett grading was done onlj- 
^before and after exercise; therefore, monthh' grades were not recorded. The technique of 
testing corresponded to that described bj' Daniels, Williams, and Worthingham. 

Of the tn-enty-seven muscles, seventeen were graded higher after one to four months 
of exercise. Ten of the seventeen were rated higher within the grade. The other seven were 
placed in the next higher grade. This would be significant when, for e.xample, a “poor’’ 
muscle, which was unable to operate against gravity, regained enough power to be graded 
“fair”, or when a “good ” muscle became as strong as the uninvolved muscle and was thus 
rated “normal”. 

“Poor” (poor minus to poor plus) muscles in this investigation had strength, as 
measured with the spring scale, vaiA-ing from one-half to sixteen pounds. “Fair” muscles 
varied from two and one-half to twenty-one pounds. “Good” muscles varied from five to 
fifty-two pounds, and “normal” grades varied from twentj'-seven to one hundred pounds. 
This clearlj' demonstrates the unreliabihty of manual grading as a quantitative method of 
evaluating muscle power. Some authors, including Nicoll, have expressed the belief that 
different components of the quadriceps femoris function at vaiA-ing intensities in different 
portions of the arc of motion. In the case of the quadriceps femoris, this helps to ex-plain 
such wide variations in power in a muscle of the same clinical grade. For e.xample. if the 
vastus medialis functions chieflj' through the last few degrees of extension, and the patient 
had a very weak vastus medialis but fair power in the remaining components, then bj' the 
spring-scale test, the quadriceps would show relativeh* more power with the knee flexed 
to 90 degrees than when in complete extension. 

Too much dependence must not be placed in the manual method of grading mii.-^ele 
power in quantitative evaluations of results of exercise. For e.xample, the left quadricep- 
of an ice skater, fifteen months after an acute attack of anterior poliomj'elitis. was rated 
“normal” and possessed eighty-five pounds of power. The right quadriceps was rated 
“good” with fifteen pounds of power. After exercise, the right quadriceps power had in- 
creased to thirty-five pounds, but could still be rated onl\' as “good". 

This method of grading muscle power should be used cantiouAy. especiallv when 
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Chakt III 

Quadriceps No. 21: A, B, and D show fatigue curves. C and E .show fatigue levels. Note that L is a 

"‘KSfX Tl,™c fatigue curves from ll.e same muscle, si.ouing the l.ighlv ehameleri.tie 
nature of the ergograms for the subject. 
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evaluation is done with a view to surgery or to planning more conser\'ative treatment. 
One “poor” quadriceps might be increased to “fair” and give a fairly strong knee, thus 
making a brace unnecessary, while the power of another “poor” muscle would never in- 
crease sufficiently to stabilize a knee. A more quantitative method of measuring power 
would have pointed this out. 

Likewise, too much importance should not be attached to manual grading of power in 
muscles being considered for transplantation. They should be thoroughlj' checked for 
power, and consideration should be given to what the effective power of the muscle would 
be after transplantation. Because of an excellent mechanical advantage, a relatively weak 
muscle can appear strong. When transplanted and forced to pull at a di.sadvantage. its 
effective power may not be sufficient to assume the function intended for it. It would seem 
a wise policy to develop maximum power in the muscle before transplantation. On several 
occasions the strength of a hamstring has been doubled before transplantation, to supple- 
ment the power of the quadriceps. 

A spring scale for measuring muscle power (Fig. 4) was used in place of determining 
the one-repetition maximum as previoush' described, since this method, although good for 
fairly strong muscles, is not satisfactory' for muscles too weak to extend completely against 
gravity. Power studies for a similar investigation, recently initiated, will be performed 
with the use of the electronic myody'nemeter, as developed by Dr. W. C. Beasley of the 
United States Public Health Serr-ice. This will permit studies of power at any point in the 
arc of motion. 

The power of normal muscles can be doubled in the first four to six weeks of exercise'- ”. 
Of the twenty-seven quadriceps muscles studied, fifteen doubled or more than doubled 
quadriceps power in the first month (Chart II). The remaining twelve showed improve- 
•'ment, ranging from 1 per cent, to 89 per cent. These results are believed to compare favor- 
ably with the response of normal muscles. 

The authors’ data support Hellebrandt, Parrish, and Houtz in the belief that the 
single-effort test of strength cannot be used as a criterion of the functional capacity of 
skeletal muscle. Ergograms A, B, and C of Quadriceps No. 22 (Chart III) show almost 
negligible improvement in work capacity; however, the power during the two-month 
period increased 49 per cent. Others have shown an actual decrease in work capacity with a 
large increase in muscle strength. The reasons for these apparent discrepancies are too 
numerous and complicated to be discussed here, but they involve the technical difficulty in 
measuring work capacity and muscle power, the physiological properties of muscle action, 
the will to put forth a maximum effort and to endure for the duration of the ergographic 
test the discomfort of repetitive all-out effort, et cetera. These observations, however, do 
not invalidate the ergographic and strength tests as worth-while clinical tests for judging 
the responses to exercise therapy^. Improvements in technique, control of technical diffi- 
culties, and proper instruction and encouragement of the patient render them mo^t 
effective tests for the study' of muscle function. 

Lombard, in 1892, while studying some of the influences which affect the power of 
voluntary^ muscle contractions, noted that immediately' after the beginning of a strcnuou'^ 
exercise regimen, muscle power decreased sharply; and it was nearly' a week before power 
returned to the initial level. The authors have noted the same phenomenon in the care of 
patients with both immobilization atrophy' and poliomy'elitis. It may' well be that thi“ 
initial steady' decline in strength during strenuous e.xercLse prompted the belief held by' 
some investigators that strenuous exercise produces ill effects in severely' weakened 
musclesb In the experience of the authors, both normal and atrophied muscles will recfiver 
this loss and v'ill eventually’ surpass their initial power. 

Accurate determinations of max'imum potential muscle power by' the methofls de- 
scribed, or by any' other method known to the authors, arc impo.?sible. Certainly', all of the 
gains recorded in muscle strength cannot be accounted for by' anatomical changes within 
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the muscle itself. The clement of learning pinys an important part, even in the performance 
of extremely simple motor acts, and probably contributes in no small way to the increased 
ability to exert a maximum effort. At the time of initiation of exercise therapy, the Mu- 
ence_ of learning is lowest; and strength measurements taken at this time often reveal 
considerably lower values tlian measurements taken a feiv days later. This rapid improve- 
ment m effective strength occurs before any gross changes in muscle volume are noticed, 
and IS due largely to motor learning. Tlie patient’s concept of maximum exertion and his 
vllhngness to endure the discomfort of maximum exertion may also account for rapid 
increases m effective strength. All factors considered, however, the strength measure- 
ments are indicative of the effective lifting power at that moment and under the existing 
conditions. 


QUADRICEPS No, 14 



Wo 7 'Ic Capacity 

All except three muscles shmved an over-all in- 
crease in u'ork capacit3x The improvement in func- 
tional capacity of the remainder was manifested ergo- 
grapbically in two ways: first, by an increase in height 
of contraction and, second, b3’’ an increase in the num- 
ber of contractions. As previousl3’- stated, the initial 
ergographic studies were carried out with weights that 
produced a sharp fatigue curve in from one-half to two 
minutes. On subsequent tests, as strength increased, 
this weight was not increased, as is advocated b3’' some 




Fatigue ciirv'es sJion'ii in 
is mucli higher than C. 


Ch.^kt IV 

A, B, and D; C tmd E iw fatigue loveN. Tiic fatigue level, E 
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investigator.-;. Instead, improvement in performance with the same weight was studied. 
Tlie typical response is illustrated by ergograms .1, B, and C of Quadriceps No. 21 (Chart 
III). As strength increased, the height and number of possible contractions increased, until 
eventually the fatigue curve was replaced In' a fatigue level. Weights, so heary that with 
maximum exertion they can be lifted only a few times, produce rapid and complete fatigue; 
and the ergographic manifestation of such a performance is called a fatigue cur%'e (Chart 
n'. .4 and B). However, with lighter weights, highh' repetitive performance is possible; 
.md although due to fatigue, the original height of contraction cannot be maintained, 
contractions to a lower level may lie continued indefinitely. Here the ergogram shows the 
fatigue curve approaching its asymptote, C and E (Chart IV). and the height to which 
the weight ean be lifted remains constant indefinitely. This plateau of muscle actiWty 
represents aerobic contractions and manifests itself ergographicalh' by a fatigue level. 
The monthly measurements of work capacity are recorded in Chart II. 

The work capacity of eleven of the twenty-sev'en quadriceps muscles had at least 
doubled after one month of exercise. Fifteen of the twenty-seven doubled their maximum 
strength in one month. Of this fifteen, onlj' eight were among those whose work capacity 
doubled in the same four-week period. Of the eleven whose work capacitj' doubled, eight 
were among those who had a twofold increase in power. None of the muscles showed a 
permanent reduction in power; however, slight increases in power were frequently ac- 
companied by a great increase in work capacity and, converselj', large increments in muscle 
strength were occasionally accompanied by a decrease in work capacity. Such obsen'a- 
tions make imperative the indi\'idual consideration of data to obtain accurate information 
as to the functional changes in muscle activity. 

Patients whose quadriceps could not function against gra^-ity (one-half to si.xteen 
’’pounds of power) did not, as a rule, regain complete extension. However, in all subjects, 

^ the height and duration of contractions increased, as shown ergographicallj' (Chart 
.Quadriceps No. 4, A, B, and C). The patients stated that these muscles became fatigued 
less readil}' and that thej" had better control of them. This almost uniform response is at 
least a partial answer to the question of whether or not it is worth while to develop the 
power of such extremely weak muscles. A patient with severe involvement, two years after 
the acute phase of anterior poliomyelitis, had onh' four muscles that could operate against 
graxdty, with the exception of the muscles of the fingers and leg, the remainder being rated 
“poor plus” or below. Consequenth', the patient was unable to walk even ^^-ith crutches. 
After one and one-half years of progressive-resistance exercise, the patient was able to 
walk M-ith the aid of crutches for about 200 yards and could perform many actir-ities, such 
as bathing and shax-ing, which had not been possible prex-ious to exercise. 

It may be generally stated that the degree of improvement in power and work ca- 
pacit 3 " was approximately the same for extremelj' weak muscles as for muscles with greater 
initial strength, and that the failure to reach normal functional capacity' was due to the 
absence of a normal number of motor units. 

The ergographic data are in keeping with functional improvement obseix'ed bj' the 
patients, — nameljx (1) less difficulty in performances requiring strength, and (2) abilit\' 
to perform for longer periods without fatigue. 

The ergograms reflect the susceptibilitj' of the subject to fatigue, and are highh- 
characteristic for each subject. Ergograms .4, B, and C, of Quadriceps No. 22 (Chart III) 
illustrate the striking similaritj' in repeated monthh- performances. Quadriceps No. 21 is of 
the same subject as Quadriceps No. 22 and also demonstrates its own characteristic curve, 
although of a different shape. 

One interesting phenomenon was obser\'ed in these ergographic studies which, as far 
as we know, has not been described pre\'ioush'. It is illustrated b\' Quadriceps No. 1. .4. B. 

C, and D (Chart V). Resistance was the same in all four ergographic tests. Before exercise, 
the weight quickh- produced a fatigue cuix'e. -4. However, as strength increased, this was 
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leplacod by a fatigue level, C. With further increases in sti'cngth, the fatigue level Avas re- 
placed by a fatigue curve, D. This is probably due to the fact that, as powder increased, the 
AA^eight could be lifted higher, thereby grcatl3'’ increasing the amount of A\"ork done in the 
initial contractions, rapidly fatiguing the muscle, and making repetitive effort impossible. 
Ergographic studies of Quadriceps No. 14 (Chart IV) and No. 21 (Chart III) illustrate a 
similar phenomenon, but, in addition, illustrate that Avith still further increases in strength, 
the fatigue curAm AA'^as again displaeed bj’’ a fatigue leAml. This ncAV fatigue level, as AA'ould be 
expected, AA^as considerablj'’ higher than the fatigue level first reached. Compare the heights 
of fatigue levels of C and E in Quadriceps No. 14 and No. 21 (Charts IV and III, re- 

spectiveljO- 

Limh Volume 

The errors introduced by the method emplo3md in this stud3'^ for measuring changes in 
muscle Amlume are too numerous and too obAUous to Avarrant discussion. Even if it AA'ere 
possible accuratel}'^ to measure muscle-Amlume changes, it still AA’ould be extreme^'’ difficult 
to sa3'^ hoAA' much of the strength increase AA’as due to h 3 '^pertroph 3 '' and Iioaa" much aa'rs due 
to innate and acquired skill, modification of the concept of maximum exertion, et cetera. 
NeA^'ertheless, eighteen of the tAA’ent3'’-seA'’en thighs AA^ere measured b3'’ this method before 
and after exei’cise, for gross changes in limb circumference OA’^er the area occupied b3^ the 
quadriceps femoris. Since the maximum Amriation in circumfei’ential measurement, b3’' the 
spiral-tape method, AA^as one-quarter of an inch, changes smaller than this Avere disregarded. 
For eight of the eighteen, a substantial increase in thigh circumference Avas registered. 
These eight, AAuthout exception, AA^ere muscles of good strength initiall3'-, and after exercise 
they developed nearly normal poAA'er. None of the seA^ei’eb^ invoh^ed subjects shoAA’ed an 
increase in thigh circumference. Assuming that the increases in circumference AA^ere indica- 
tive of an increase in muscle volume, these obserA^ations aa'ouM be in accordance AA*ith the 
AAmrlcing hypothesis set forth earlier in the paper. The volume increase produced by a fcAA- 
hypertrophied fibers AAmuld not, of course, equal that produced b 3 ^ an equiA’-alent degree of 
hypertrophy in a greater number of muscle fibers. 

Houtz, Parrish, and Hellebrandt stated: “As the intelligent^'- cooperatiAm subject 
becomes enured to the discomfort invariabW associated AA'ith the lifting of AA-eights heaA' 3 '- 
enough to tax strength, the poAA'er to contract ma 3 '' extend so rapidb'- as to inA^alidate an 3 '- 
h 3 '-pothesis A\'hich attributes this phenomenon to moiphological change in the contractile 
elements AA'hich compose muscle”. While the authors agree that the most important ele- 
ment in increasing poAA'er and AAmrk output is the AAullingness to put forth a maximum 
effort, it is difficult to imagine such great increments in strength being unaccompanied b3’- 
modifications in the muscle structiu'e itself. 


Electrical Activity 

The electrom3'-ographic records shoAA’-ed that, in these cases of long-standing polio- 
myelitis Avith considerable residual AA'eakness, there AA'as usualb'- a slight amount of resting 
activity in the form of single diphasic high-voltage spikes. In about 60 per cent, of the 
cases, the number of spontaneous discharges apparently increased Avith exercise therapy. 

The action potentials during maximum Amluntary contraction against resistance 
shoAA'ed some increase in voltage, as judged b3^ inspection and the discharges totaled b3'^ the 
integrator. This method is not considered of great quantitative accuracy; but the results 
shoAved improAmment in the pattern of electrical activit3^ consistent Avith the clinical 
improvement in poAA'cr. 


functional Ability 

The improvement reported most frequently by patients AA-as tlie ability to perform 
vdinary activities with less effort and fatigne. Other imnroventents reported acre nnmer- 
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ous and varied; for example, a professional ice-skater regained sufficient quadriceps 
strength to execute difficult leaps with the involved extremity without buckling of the 
knee. A carpenter regained normal stair-climbing ability and was able to i-esume his 
former work, which required standing all day. Two patients discarded crutches upon 
which they had depended since their initial attacks, one and seven 3^ears before. A high- 
school student with severe involvement, who had been confined to a ivheel chair foi' one 
and one-half j'-ears, acquired sufficient power to walk about 200 3^ards with crutches and to 
perform many eveiyday activities ivhich had formerl3^ been impossible. 

Three patients noted no improvement in functional ability as a result of e.xercise. 
They represented four of the quadriceps muscles studied, and had displa3'’ed no symptoms 
due to quadriceps weakness prior to exercise. Although these three had good quadriceps 
poAver before exercise, the strength of the inAmhmd extremity Aims considerably less than 
normal. HoAA^eAmr, since it Aims the purpose of the inAmstigation to study the response of all 
degrees of involvement, these patients AA'ere included. 

One patient in this series has receiAmd progressiAm-resistance exercises for fifteen 
months and continues to shoAV small, but definite, gains in strength. SeAmral continued this 
exercise regimen after the close of the investigation and made further progress. Although 
the time required for the dcA'^elopment of maximum poAver in the normal muscle is not 
knoAvn, professional-strength athletes feel that approximately four 3’-ears of hard Avork are 
required to achieve maximum muscle development. This estimate, hoAvever crude, bears 
one significant therapeutic implication, — that it requires man3^ months, and probably 
years, for maximum poAA^er to develop in a normal muscle. EAudence so far indicates that 
this is true for poliomyelitic patients and emphasizes the necessity for an extended program 
of exercise. Poliomyelitic patients AAutli severe inArnh'-ement, aa'Iio cannot be offered in- 
creased functional strength by surgery, haA'-e no alternative but to attempt to deA'^elop theN 
residual muscle poAA'^er. Since maximum strength must be maintained, it is necessaiy for both 
physician and patient to realize that remedial exercise must be continued permanent^’- 
and that adequate provisions must be made for canying out the routine. 


SUMMARY 

The qualitative and quantitatiA'-e eAudence presented supports the h3'-pothesis that, 
folloAving acute anterior poliomyelitis, the remaining innerA^ated muscles respond to pro- 
gressive-resistance exercises by an increase in strength and AVork capacity in much the 
same manner as normal muscles. 

Notk: The authors are indebted to Miss Mary Nesbitt for doing all the Lovett muscle tests, and for 
rendering valuable assistance in many other \va}^s. 
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The Future of Orthopaedic Surgery 

BY ROBERT I. H.ARRIS, M.B. 

(Continued from page 810) 

Hfluence our training of the young men who are to follow us. Thej* must be sufficiently 
'amiliar with the basic sciences to appreciate the merits of new work, and to share in anj* 
research in which this knowledge is applied to the problems of clinical orthopaedics. Thej* 
must also be experienced in the basic problems of surgerj-. This frequently is referred to as 
a period of training in general surgery. We must define “general surgerj'” before we can 
accept it as an essential part of the training of an orthopaedic surgeon. In the modem 
usage of the term, it means too often idsceral surgery-, and there is some doubt as to how- 
much this contributes to the training of an orthopaedic surgeon. Wbat he does require is 
adequate know-ledge of problems which are basic in all fields of surgery-, — the diagnosis of 
disease, inflammation, the control of infection, repair of wounds, fluid balance, shock, 
anoxia, and fractures. In addition, he must have a w-orking know-ledge of the fundamental 
sciences. 

The future of orthopaedic surgery- w-ill be intimatelj- concerned w-ith the broadening 
of our knowledge of the stmeture and function of the tissues w-ith which we deal. The 
approach w-ill be through the basic sciences of anatomy-, histology-, biochemistry-, phy'.-i- 
ology-, and endocrinology-. Operative orthopaedics will no longer occupy- the center of the 
stage, although of necessity- it will alway-s be important to us. since it is the agent by 
which w-e conduct our therapy-. There still will be advances in that field, refinement.^ of 
technique, and new operations, but these means of advancing orthopaedic surgery- will be 
overshadowed by- the broadened knowledge of orthopaedic disease, which will come from 
research into the nature and stnicture of bone, cartilage, muscles, and connective ti.-sue.-. 
The approach to our problems must be through the basic sciences, as well as through the 
techniques of operative surgery-. This must influence our plan of training young men. We 
shall not retain mastery- of our field, if we limit ourselves to operative therapy- and depend 
upon others for the fundamental knowledge upon which rational therapy- can he ba'ed.. 
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RECONSTRUCTION OF A METACARPOPHALANGEAL JOINT WITH 

A METATARSAL TRANSPLANT * 


BY WALTER C. GRAHAM, M.D., SANTA BARBARA, CALIFORNIA 
AND DANIEL C. RIORDAN, M.D., NEW YORK, N. Y. 

Some patients maj'^ sustain a considevable loss of the substance of a metacarpal bone 
as the result of injury, disease, or neoplastic invasion. All or part of the head, ivith its 
articulating surface, may be destroyed. If the diseased or damaged bone were lost or re- 
moved, the involved finger would become unstable, so that upon any attempt at flexion 
or extension the finger would merely telescope. Hence, some reconstruction of the joint 
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must bo considcrod. A bone graft ivould l)r inadequate, because insufficient articular 
surface of the head can be salvaged to maintain a functional joint. 

In such a patient, the articular surface of the proximal end of the proximal phalanx 
is normal. An adequate joint could be made if the distal surface of the metacarpal were 

intact. Because this is seldom the case, some 



Fig. 2-k Fm. 2-B 


Fig. 2-.\; Case 2. Prcliminarj- roentgenogram, showing defect. 
Fig. 2-B: Postoperative roentgenogram. 



Fig. 2-C 

Fig. 2-C: Final appearance of hand with Sngers 
in evten^ion. 

Fig. 2-D: Final appearance with metacarpophalangeal joint in flexion. 


selected as a transplant, so that a new joint can be made to simulate the original one. Tho 
only bone adaptable for transplantation, which would seem to meet the requirement- of 
both stability and of providing an articular surface, is a metatarsal. .Vnatomically a meta- 
tarsal bone is not identical with a metacarpal, but it is sufficienth- like it to form a gliding 
joint. 

Before a metatansal transplant can be inserted into the hand, all .-car and di-ea-ed 
tissue must be removed from the recipient site. This may require wide exci-ion of local 
tissue, including bone, traumatized muscle, and other soft tissue.-. \ large defect may 
result, which maj' require a remote flap in order to provide a sufficient amount of -oft 
pliable tissue. The new joint will not function properly if any cicatricial tissue i- left. The 
complete excision of scars is even more important in transplantations than in ea-e- re- 
quiring arthroplasty, because with the transplant one is attempting to rc.store a gliding 
joint rather than substituting a binged joint. 
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* •' ■ Removal of a portion of a melalavbal bone, including ils head, might bo objected to 
because of the possibilit}'’ that crippling of the fool might ensue. Since the fourth and fifth 
metatarsals are functionally less importanl Ilian the others, they seem to be more suitable 
for transplantation. The authors have used the fifth metatarsal in all but one case, be- 
oaiise they believe that its removal cau-ses le.ss impairment to the foot than that of any 
otlier metatarsal. None of the patients have reported any symptoms in the foot from v inch 
this bone had been removed from eight months to two years before. In one case two meta- 


Fig. 3- a 

Case 3. Pieliminaiy photogtaph of hand 


tarsals wore transplanted; the 
fourth ivas taken from one foot 
and the fifth from the other (Figs. 
4-A, 4-B, 4-(’, and 4-D). Phis pa- 
tient has had no discomfort in 
cither toot as a result of the re- 
moval of these bones. 

The operative technique of 
the procedure is relative^ simple 
4 he diseased or damaged meta- 
cai-pal should be removed, leavin 
the base and as much of the shat 
as possible. None of the head o 
capsule should be left. The shaf 
of the metacarpal is cut in such 
manner that a close approxima 
tion with the transplanted meta 
tarsal will be possible. The meta 
tarsal is then fi.xed in place witl 
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Fig. 3-C 

Postoperative roentgenograms. 




Fig. S-E 


Fig. 3-D: Final extension of hand after the application of a metatarsal tran.splant. abdominal flap, 
evtensor-tendon graft, and sublunis transplant. 

Fig. 3-E: Final appearance of hand in fie\ion. 


Krschner wires. One wire should be placed longitudinally and one or two others tran^- 
versel}-, thus fi-x-ing the transplant to the adjacent metacarpals. It is also necessarx- to fix 
the extensor tendon firmly to the proximal end of the proximal phalanx, in order to prevent 
anterior subluxation of the phalanx. Finally, the e.xposed bone surface is covered uith fat 
or other soft tissue in order to prevent adhesion of the extensor tendons. After the hand 
has been splinted in full e.xtension for three weeks, active and passive mobilization i* in- 
stituted. The postoperative mobility of the joint is greatly influenced by the condition of 
the intrinsic muscles. -After the joint has been mobilized, a sublimis transplant may be 
necessary to replace the damaged intrinsic muscles. To secure a useful and functional joint, 
the restoration of intrinsic function is absolutely necessan-. The method dcscrilK?d by 
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Bunnell has proved entirely satisfactory. One technical difficulty encountered in these 
cases has been a tendency for the articular surface of the phalanx to become displaced 
anteriorly. This has usuallj'’ been prevented bj'' splinting the joint in complete extension 
and maintaining this position for three weeks. In some cases this tendency has been 
prevented by inserting Kirscliner wii-es into the soft tissues posterior to the joint. 

A tendency for the distal articular portion of the new joint to subluxate, laterally or 
medially, has been easily controlled by restoring the function of the intrinsic muscles. If 
this function is not restored, the finger will slide toward either the radial or the ulnar side. 
In the authors’ first cases, an attempt was made to rcconsti-uct collateral ligaments b}" 
transplanting the ligaments of the metatansophalangeal joint, along with the bone. 



This practice was later abandoned, because it 
was found to be unnecessary and because 
excessive fibrous tissue tended to form. In 
the earlier cases, traction was applied in 
order to prevent pressure upon the articula- 
tion; this, however, also pi'oved unnecessary. 



\ 
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Pig. 4-A 


Fig, 4-B 


Fig. 4-A; Case 4. Showing loss of heads of fouJ'th and fifth mctacarpals. 

Fig. 4-B: Rocntgenographic appearance after transplantation of the fourth metatarsal of one foot to 
replace the fourth inetacarpai; and transplantation of the fifth metatarsal of the other foot to replace 
the fifth metacarpal. 



Fia4-C 

Attempted flc.\ion and extension of hand after reconstruction. 
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Fig 5-A 


Case 5 Prclimman. roentgenogram® show lo®s of head of third metacarpal 



Fig o-B 


Final roentgenograms shoinng the complication of antenor ®ubIii.\ation of the phalanx Thi- 
could have been prevented b\ splinting the finger in full extension dunng the fir-t thre» uetL- 

CONCLCSIOXS 

Experience has emphasized the importance (1) of completely excising all cicatricial 
tissue from the site xxhich is to receive the transplant; (2) of re-e'tablishing complete 
intrinsic-muscle control of the proximal and distal joints of the finger; and (3) of prevent- 
ing anterior subluxation by reconstructing the extensor mechanism and by splinting the 
finger in complete extension during the period of immobilization 


TRANSPLANTATION OP THE TIBIA AND FIBULA TO REPLACE 
THE FEMUR FOLLOWING RESECTION 

“Turn-up-Plasty” of the Leg 

BY C. P. VAN NES, M.D., LEIDEN, HOLLAND 
From Ihc Anna Clinic, University of Leiden, Leiden 

The operation to be described is indicated when a total or nearly total resection of 
the femur appears to be necessary, as in some cases of tumor, osteomyelitis, or severe 
trauma. In these cases, we have only the choice between high amputation of the thigh or 
disarticulation of the hip. After these operations, we get a short stump, difficult to dress, 
which, even when equipped with a modern prosthesis, permits but an imperfect, awkward, 
and staggering gait. Most of these amputees walk with difficulty bj-- the aid of canes or 
crutches. Their gait is in great contrast with that of the patient whose amputation ivas 
performed in the leg or at the knee. The latter patient, when provided with a good prosthe- 
sis, walks in an easy, well-balanced, nearly normal manner. 

Because of this difference of gait, we wished to provide a long stump, descending 
to the level of the lower third of the thigh. In this way, we could render our patients a 
physical and psychological service, — physical, by giving them the chance to walk without 
difficulty and by reducing their incapacity to a great extent; psychological, by limiting 
the mutilation of their bodies to the minimum and restoring their ability to work. These 
factors are of great importance, for a patient accepts amputation of the leg or at the knee 
much more readily than amputation of the hip. The patient with an amputation at the^ 
hip considers himself extremel}'’ mutilated and disabled; he has great trouble in becoming 
content with his lot and in regaining his morale. 

Starting with these ideas and feeling reluctant to sacrifice the healthy leg in cases of . 
resection of the femur, the author has searched for a method which would allow preserva- 
tion of the leg and its utilization for the construction of a long stump. This has resulted 
in the “turn-up-plasty”, or the substitution for the femur of the leg on the same side. 
This method provides a stump of the same length as the resected portion of the femur. 
This stump, dressed in the same manner as that of a knee amputation, gave great satis- 
faction .with regard to stability and locomotion. 

The plastic method mentioned here was applied for the first time by Sauerbruch^ 
more than twenty years ago. Although it was used later by other surgeons, for some un- 
known reason it did not enter into current practice. Probably it was judged too dangerous 
or too difficult from a technical point of view. On the basis of personal experience, the 
author cannot confirm this opinion. When practised cautiously by a qualified surgeon, its 
performance is relatively easy and without great danger. 

According to the extent of the affection of the femur, a partial or a total “turn-up- 
plasty” is necessary. If a tumor is situated in the lower portion of the thigh, it is sufficient 
to resect the distal two thirds of the femur. In this event, we substitute for the resected 
portion the superior two thirds of the leg, — that is, we do a partial “turn-up-plasty” 
(Fig. 1). If the tumor is localized in the superior portion of the thigh, we are compelled to 
do a complete resection of the femur. In these cases we do a total “turn-up-plasty” and 
replace the femur by the whole length of the leg (Fig. 2). 

PARTIAL RESECTION OF THE FEAIUR FOLLOWED BY TRANSPLANTATION 

OF THE TIBIA AND FIBULA 

The operation is performed with general or spinal anaesthesia, the patient lying m 
the supine position. After elevation of the extremity for a few minutes, the limb is con- 
stricted by an Esmarch bandage from the toes to the hip joint. Then a Steinmann pin is 
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Fig. 1 

Technique of partial turn-up-pla.=ty. 



Fig. 2 

Technique of total tum-up-pla.<y. 


placed in the trochanter, and an elastic tourniquet is applied above it for the control of 
hemorrhage. -Aiter draping has been done, a skin flap, three inches wide, is c\ci.=ed on the 
lateral surface of the e.xtremity, from immediately distal to the tourniquet as far as the 
lateral malleolus. The borders of the wound are dissected anteriorly and posteriorh'. 


VOL. 30-.K. XO. I. OCTOBER 194S 


000 


c. P. VAN NES 




Fig. 3-A 

Case 1. Postoperative I'oentgonograms of partial turn-up- 
plasty. 


In the case of a tumor of the 
distal portion of the femur, the 
vastus muscles and the rectus 
femoris ai'e left attached to the 
bone. 

The femur is reached between 
the vastus lateralis and the biceps, 
three inches distal to the trochanter. 
With a Gigli saw or other bone saw, 
the femur is transected at this 
point. Follou’ing the plane between 
the vastus lateralis and the biceps, 
the posterior surface of the distal 
portion of the femur is freed. After 
the rectus and vastus muscles have 
been divided in the plane of bone 
section, the femur with the covering 
muscles (rectus and vasti) is loosened 
from the adductors and Hexors, care 
being taken not to hurt the femoral 
vessels in the adductor canal. 

After section of the ligaments 
and capsule of the knee joint, the 
inferior portion of the femur is 
resected, the patella being left iri\^ 
place. After tampons have been 
placed in the cavity of the resected / 


femur, the leg is amputated, three inches above the ankle joint, hy the simple guillotine 
method. 

One inch of the proximal end of the fibula is next removed. Then the leg is turned up 
in the frontal plane through 180 degrees, so that the distal end of the tibia is placed against 



Fig. 3-B Fig. 3-C Fig. 3-D _ Fig. 3-E 

Fig. 3-B; Front view of patient after partial turn-up-plastj'. Fig. 3-C: Side view of stump. 
Fig. 3-D: Patient showing prosthe-si®. Fig. 3-E: Show.s patient clothed, wearing prosthesis. 
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the distal end of the remaining portion of the femur. The femur and tibia are fastened bv 
one of the usual methods of osteosynthesis (an intramedullarj- pin or peg, or plate and 
screw fixation). The intact muscles of the thigh are sutured to the leg muscles. Finalh' the 
skin (laps are trimmed and the wound, in the form of an inverted Y, is closed in the usual 
manner. The patella is fixed to the tibia by a small Steinmann pin. 

The last step in the operation is the application of a hip plaster, the st um p being 
placed in the neutral position. 
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OF THE TIBIA AXD FIBUL.A 


Because of the impo.ssibility of controlling hemorrhage bt' the application of a 
tourniquet, this operation is best performed with the patient under spinal anaesthe.sia. 
The patient lies in the supine position, with a sandbag under the gluteal region. 

A skin flap, three inches wide, is excised from the lateral surface of the lower extremitj-. 
from the anterior superior iliac spine to the lateral malleolus. After dissection of the borders 
of the wound anteriorly and posteriorh', the femur is reached, three inches above the knee 
joint, in the plane between the vastus lateralis and the biceps. At this point the diaphysis 
is divided with a Gigli saw or other bone saw. While the muscles suspected of involvement 
(rectus and vasti) are left in connection with the bone, the prox-imal portion of the femur 
is separated from the adductors and flexors. As the operator works upward, the gluteal 
muscles are cut from the trochanter. Next the capsule of the hip joint is opened and sec- 
tioned by a circular movement, a cuff of capsule being left on the border of the acetabulum. 
After this, disarticulation of the femoral head and freeing of the proximal portion of the 
femur are easily performed. The distal portion of the femur is now loosened from the 
surrounding muscles and disarticulated at the knee joint. 

/ -After several tampons have been placed in the great wound ca\-ity of the thigh, the 
foot is disarticulated at the ankle joint in a simple manner, the incision of the Sj-me am- 
putation being used. Next the leg is turned up in the frontal plane through 180 degrees. 
The lateral malleolus is placed in the hip socket, and the hip capsule is sutured to the cap- 
sule of the ankle joint. 

The gluteal muscles are fastened with linen sutures to the medial malleolus, which 
now acts as trochanter. After fixation of the intact muscles of the thigh to the leg muscles 
and trimming of the skin flaps, the wound is closed with interrupted sutures. Just as in the 
partial resection of the femur, the patella is nailed to the tibia by means of a small Stein- 


mann pin. 

At the close of the operation, a hip plaster is applied with the leg in slight abduction. 
After two weeks the plaster is removed, and the patient begins to exercise his new hip joint. 

By the use of the technique described, a long stump is obtained, reaching to the level 
of the knee joint. The patella rests on the distal end of the stump and gives a good support 
for the prosthesis. The vessels and ner%'es remain undisturbed; thej' make a loop in the 
popliteal fossa and continue their course in an upward direction. The sensibility is unin- 
terrupted, so that scratching or pinching of the skin on the lateral surface of the stump is 
localized b 5 ’ the patient as on the medial side of the former leg. Because the neiwes arc 
intact, the amputee never complains of pain due to neuroma. 


C.ASE REPORTS 

Case 1. A woman, aged thirty-three years, wa.« first .>w;n in .Tanuaiy 1942. Her left knee had l^-en 
operated upon twice in another hospital. 

On e.\amination we found a hard, painful tumor of the medial condyle of the left femur. The roentgeno- 
f grams showed a cystic appearance of the inferior end of the femur, with honeycomb structure. K probable 
diagnosis of giant-cell tumor of the femur was made. 

At ojjeration, on February 3, the condyles of the femur were found to be filled with a mucous, cartibginou= 
mass which was scraped out wnth a curette. On the ba.«is of microscopic examination, a thagnods of m\w')- 
chondroma was made. 
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During September 1942, Uie patient complained of pain higher in tlie tliigh. The roentgenograms showed 
an expansion of the tumor in the direction of the diaphysis. Another operation was performed on October 3. 
The tumor had penetrated in the diaphysis to a point four inclies from the knee joint. Microscopic examina- 
tion resulted in a diagnosis of myxochondrosarcoma. 



Fig. 4-B Fig. 4-C 

Fig. 4-A: Case 2. Postoperative roentgenogiam 
after total turn-up-plasty. 

Fig. 4-B : Front \dew of patient after total turn-up- 
Fig. 4-A plasty. 

Fig. 4-C: Side view of stump. 



Because of the various local reappearances and the result of the second micioscopic examination, a moic 
radical form of treatment seemed to be indicated. The high-femur amputation was rejected by the patient, 
and partial "turn-up-plasty” was carried out on October 10, 1942. The patient made an uneventful recovery 
(Figs. 3-B and 3-C). A few weeks later, she walked with a temporaiy prosthesis (Figs. 3-D and 3-E); after a 
short time, she walked without a cane and resumed her employment as a nuise. When she was last seen, in 
June 1947, she was in perfect health and walked easity noth her prosthesis. 

Case 2. A man, aged twenty-one years, was admitted to the Anna Clinic in January 1947, because of 
pain in the left tliigh, which had been noticed first in September 1945. He had been treated by roentgeno- 
therapy in another clinic, without benefit. Finally, a disarticulation of the hip liad been suggested. 

On admission, we found a tumor of the upper portion of the left thigh, localized particularly in tlic region 
of the greater trochanter. The tumor was fusiform and painful, and caused considerable limitation of flo.xion 
of the knee. The roentgenograms disclosed destruction of the cortex of tlie femui‘ for a distance of six inches. 

A biopsy urns performed on February 28, 1947. On the basis of microscopic examination, the following 
diagnosis was made; sarcoma, formed chiefly of round and fusiform colls, typical of a perithelioma; no evi- 
dence of Ewing’s tumor. 

The total “turn-up-plasty” ivas performed on April 3, 1947, and succeeded according to expectation. 
The postoperative course was uneventful. On May 10, the patient received liis temporary prosthesis. A few 
days later he ivent liome, yy'alking ivitli crutches (Figs. 4-A, 4-B, and 4-C). Tlie movements of Ins new hip 
joint yvere increasing from day to day. 

1. SvuERBnucH, P.; Die Exstirpation dcs Femur mit Umkipp-Plastik dcs Untci«chenkels, Deutsche Ztschr. 
f. Chir., 169; 1-12, 1922. 
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TRANSVERSE ROTATION OF THE SEGMENTS OF THE L0-«T:R 
EXTREMITY IN LOCOMOTION * 


BY A. S. LEVENS. M.S.. C.E.. BERKELEY. YERN'E T. I.VXIAX, M.D., SAX FRAXCISCO, AXD 
J. A. BLOSSER. XI.D.. BERKELEY, CALIFORXIA 

From the Uiu'iersili/ of California, College of Engineering, and Division of Orthopaedic Surgery, Medical School 

A complete analysis of human locomotion is difficult. The fact that persons walk and 
run with apparent case, and without conscious effort, does not implj- that the mechanisms 
employed are simple or rcadilj' undemtood. A comprehensive study of locomotion includes 
not only analysis of the movements of the various segments of the bodj*, but also the cor- 
relation of these movements with force studies and muscle action. Consideration of a prob- 
lem of such complexity suggests that delimitations are necessarj', and the present study 
endeavors to present but one component in the displacement pattern of the lower ex- 
tremity. 

Many investigator have reported their findings with regard to the movements of 
the various segments of the body, as projected upon the parasagittal plane. Few have 
described the motions projected onto the frontal plane. It is doubtful that am- prexdous 
observers have attempted to measure the transverse rotatorj' motions of the various seg- 
ments of the lower extremity, as projected upon a horizontal plane. It is conceivable that 
little attention has been given to transverse rotatorj’ motions, possibh* because motion in 
the parasagittal plane has usuallx- been regarded as a more significant action in human 
/propulsion. 

Present indications are that transverse rotations of the various segments of the lower 
e.xtremitj- are an important factor in the ease and rhjdhm of waUdng of normal indix-iduals. 
In order to improve function, reduce fatigue, and prevent more or less continual abrasion 
at critical points on the stump of the amputee, proHsion in the prosthesis for allondng 
transverse rotations of the same order of magnitude as those in normal legs may be a major 
contribution toward the improvement of artificial legs. 

Transx-erse rotations, as discussed herein, refer to angular displacements of the 
various bone segments of the leg about their longitudinal axes. Results are presented of a 
studj^ of these movements in twenty-six normal indix-iduals, twelve of whom proxuded 
completely satisfactorj' data. 

The primarj' objectix'es in this studj* were; 

1. To determine the magnitude of transverse rotations of the segments of the lower 
extremitj', and their relative transverse rotations xHth respect to each other. 

2. To formulate ideas for design xxith regard to artificial limbs. 

TECHXIQUES 

Placement of Pins 

Stainless-steel threaded pins, 2.5 millimetere in diameter, xx’ere drilled firmlx' into the 
cortices of the x-arious bony prominences adjacent to the hip and knee joints, sterile pre- 
cautions and local anaesthesia being used. Targets, each consisting of a light wooden rod 
xx-ith spheres attached at txvo points, xx'ere fastened to the pins. Figure 1 shoxx's pins No. 1. 
No. 3, and No. S, placed in the iliac crest of the pelx-is, in the adductor tubercle of the 
femur, and in the upper portion of the tibia (tibial tubercle), re.=pectix'ely. The insertion 

* In September 1945, a research project on prosthetic dex-iees \va.= undertaken at the University of 
California, supervised by Professor H. D. Ebcrhart of the Cixnl Engineering Dix-ision. Tlie work xxas initi- 
ated by the National Research Council, at the request of the Surgeon General of the .Army. The nation;;! 
program is directed by the Committee on .ArtificLal Limbs of the National Research Council. 

S.5'i 
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of pin No. ^ into the medial side of the femur was dictated by the fact that placement 
from the lateral aspect so restricted movement of the iliotibial tract that motion at the 
knee was suppressed. 

Collection of Data 

A photographic record of the movement of the targets was obtained by three syn- 
chronized 35-millimeter motion-picture cameras, operating at forty-eight frames per 
second, with a shutter speed of 1/96 second, oriented at distances of twenty-five feet from, 
the subject. The cameras were so located as to refer the targets to three mutually perpen- 
dicular co-ordinate refemnce planes (Fig. 2). In this manner top, fz’ont, and side views of 



Fig. 1 



Fig. 1 : Subject witli pins and targets attached. 

Fig. 2: Arrangement for recording pin-study data. (Re- 
produced, b 3 ’’ permission, from Popular Science Monlhhj, 
page 82, Julj' 1947.) 


the subject were obtained simultaneously, A clock mechanism made it possible to identify 
related frames, Avhich were studied from enlarged projected images. 

Reduction of Data 

The first method emploj'^ed in the reduction of data made use of computed space 
co-ordinates of the targets. This was felt necessary to correct for possible errors due to 
perspective and parallax. Later it was found that in certain cases the values of the angles 
between pins, obtained from orthogonal projections, compared quite favorably with values j 
obtained from measurements taken directly from the photographs, showing the projections - 
upon the horizontal plane only. 

Further study showed that if the pins were set horizontally or within 10 degrees of 
horizontal, the angle between the pins, read directly from the photographs showing hori- 
zontal projections, yielded results that were within 2 degrees of the true values for the 
middle 60 per cent, of the stance phase; the maximum variation between values obtained 
by the two methods was 5 to 6 degrees at the instant of toe-off. Phase relationships were 
not affected bj'^ the results obtained from the two methods. The differences between 
computed values and those obtained directly from the motion-picture frames were 
not significant, since the variations were less than the variations among the individuals 
tested. 
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TABLE r 

Data ok All Subjects* eroii Pin Studies 


Subject 

Age 

(IVnrs) 

Wciglit 

tPounds) 

(Fed) 

Height 

(Inches) 

Remarks 

1 

24 

185 

6 

4 

Mechanical difficulties; no data 

o 

27 

150 

6 

2 

One pin onh-; no data 

^ ! 

40 

ISO 

5 

9 

Pins not set properly: one pin bent 

21 

168 

5 

11 Pi 

Excessive pin Adbration 

5 

19 

160 

6 

0 

Excessive pin \-ibration 

6 

2G 

150 

5 

10 

Excessive pin vibration 

7 

20 

160 

5 

1134 

Excessive pin Anbration 

s 

25 

162 

6 

1 

Satisfactorj- data 

9 

21 

165 

5 

11 

Gait affected bj' pins; no data 

10 

21 

175 

6 

13^ 

Pin loosened; no runs made 

n 

27 

152 

5 

11 

Satisfactorj- data 

12 

24 

165 

5 

10 

Satisfactorj- data 

13 

23 

175 

6 

I'i 

Satisfactorj- data 

14 

23 

170 

5 

9 

Satisfactorj- data 

15 

16 

27 

152 

5 

3 

Below-the-knee amputee: no pins 
Satisfactorj- data 

17 

21 

ISO 

6 

2 

Bad limp; pain: no data 

IS 

19 

20 

23 

145 

5 

93d 

Bilateral amputee: no pins 
.4boA-e-the-knee amputee; no pins 
Limping: one leg .short 

21 

28 

140 

5 

6 

Remo%-ed pin No. 1 : pain 

22 

28 

175 

5 

8 

Tibial pin Xo. 3 broken 

, 23 

23 

200 

6 

7 

Satisfactorj- data 

25 

26 

145 

5 

83d 

Satisfactorj- data 

23 

ISO 

6 

0 

Satisfactorj- data 

26 

25 

182 

6 

1 

Pin Xo. 2 worked loose 

27 

19 

160 

5 

11 

Satisfactorj- data 

28 

27 

135 

5 

10 

Xo complete usable cj-cle 

29 

21 

160 

o 

7 

Data not reduced 


‘Twenty-six normal subjects and three amputees. 


Test Results 

Tiventj'-six normal subjects, vai-jing in age from nineteen to forty, were studied. 
No data were obtained from the first seven subjects because of excessive pin vibration, 
bending of pins, single pin settings, and mechanical difficulties. Of the remaining nineteen 
subjects, the data from seven were not used for the reasons shown in Table I. Twelve of 
the subjects were considered satisfactorj- for study and anah-sis. The pin data obtained 
from the photographs were plotted on a rectangular co-ordinate system, in which the 
horizontal axis represented time in seconds and the vertical axis represented transverse 
rotation in degi’ees. 

/ Complete analj’sis has been made onh' of the data dealing u-ith the top view, in 
straight and level walking. Data dealing with front and lateral views, in straight and level 
walking, uill be presented in subsequent publications. 

Discussio7i of Curves 

Cun'es obtained from motion-picture records of twelve normal subjects performing 
straight, level walking, as idewed from above, showed the same general pattern of action, 
although the magnitudes of inward and outward transverse rotation varied in indi\-idual 
cases. 

Detailed study and analysis of indixndual and composite curucs of all subjects (Fig. 3; 
had to be based on the action of both legs, since the significant changes occurred with rela- 
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Composite curves for all subjects, showing transverse rotations of pelvis, femur, and tibia. 
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TABLE II 

H.IA'OK of ThaNSVERSE lioTATION 


Subject 

Pelvi.'^ — Pin No. 1 
{Degrees) 

Fmnur — Pin No. 2 
{ Degrees) 

Titiia — Pin No. 3 
{Degrees) 

8 

S.O 

17.6 

25.6 

11 

9.8 

9.6 

16.4 

12 

4.0 

10.2 

23.0 

13 

4.7 

15.0 

15.0 

14 

10.0 

17.2 

19.6 

16 

7.2 

9.8 

13.4 

21 

Xol in 

24.8 

22.8 

23 

8.4 

18.0 

15.0 

24 

3.0 

14.0 

17.0 

25 

7.4 

8.6 

17.4 

26 

9.4 

Loose 

21.4 

27 

13.3 

23.3 

24.1 

Maximum 

13.3 

24.8 

25.6 

Minimum 

3.0 

8.6 

13.4 

Average 

7.7 

15.3 

19.2 


tion to positions of each leg. Tlie following leg positions proved to be of salient importance: 

1. Toe (of extremit 3 '' with pins) leaving the floor; 

2. Foot of swinging leg abreast of other foot; 

3. Heel (of extremity with pins) striking the floor; 

4. Foot flat, other foot at toe-off; 

5. Foot flat and abreast of other foot; 

6. Heel (of extremity with pins) rising and heel of other foot striking. 

The time during which the foot is in space is the swing phase, and the time during 
which any part of the foot is in contact with the floor is the stance phase. These two phases 
comprise a walking cycle of one extremity. 

From the time the foot of the pin-loaded extremity leaves the floor (toe-off), until the 
moment it comes abreast of the other foot, the pelvis, femur, and tibia have started the 
cycle of inward rotation. At the time the feet are abreast of each other, there is a definite 
increase in the rate of rotation of the femur and the tibia. As the swinging leg continues to 
move forward, there is considerable inci’ease in inward rotation until the heel strikes the 
floor, and then a rapid increase until the other foot leaves the floor. At the peaks of the 
curves, the pin-loaded extremity receives the full weight of the bod3n This period then, 
from the time the foot leaves the floor until the full weight of the body is on the foot, is 
characterized by inward rotation of all segments (pelvis, femur, and tibia), the distal parts 
rotating more than the proximal ones. Beyond this point, outward rotation of all segments 
takes place until the foot of the pin-loaded extremity again leaves the floor; and is related i 
to the period of increased forward and upAvard acceleration of the body. Here again, the 
distal segments rotate more than the proximal ones. In addition, the more significant 
features of these cuiu^es are related to Aveight-bearing, in that inAvard rotation starts AA'ith a 
minimum of AA'eight-bearing and terminates AAuth full AA^eight-bearing, AA^hereas outAvard 
rotation starts AAuth full Aveight-bearing and ends AAuth minimal Aveight-bearing. Rotation 
of the tibia is momentaiity suppressed just as the heel-striking position is reached, Avhilc 
the pehus and femur continue inAA-ard rotation. Tibial rotation is again suppressed just 
before the heel-rising position, A\-hile the pehds and femur continue outAA’ard rotation, rhis 
is shoAA-n in Figure 5-A for a single subject. 

The magnitude and time of occurrence of the transAmrse rotation of the femur on the 
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TABLE III 

Behtive TuAXsi'En.'-E Rotation' \t Hip axd Knee Joints 
Dcrin'g Stante Phase 


Subject 

Femur M^ith Respect to Peb-i' 

Tibia with Respect to Femur 


( Dcgrrrx) 

(Degrees) 

S 

7 4 

S 2 

'■ 11 

6 3 

12 0 

12 

•S G 

11 0 

13 

10 1 

6 2 

14 

7 4 

6 6 

IG 

G 4 

9 4 

21 

Pin Xo. 1 out 

S 8 

23 

11 4 

6 4 

24 

10 3 

9 0 

25 

4 9 

13 .3 

26 

Pin Xo. 2 loo-e 

Pin X'o. 2 loose 

27 

11 1 

4 1 

A\'enigc 

S 4 

8 6 

Standard dcA'iation 

~2 5 

±2 7 


tibia are of particular interest to the clinician, for they are no doubt related to the locking 
mechanism of the knee, ^^'hen the knee is locked, inward rotation of the femur occurs; and. 
in unlocking the knee, outward rotation takes place- Normally the knee locks and unlocks 
tTi-ice in an average walking cj^cle. once during the last portion of the sning phase and 
f again near the end of the stance phase. This action was clearly shown in high-speed motion 
pictures of a number of normal subjects. Cadence alters the degree to which the double- 
locking action occurs, in that during slower rates of walking the knee tends to remain 
e.xtended during the entire stance phase. The double locking is more apparent in the faster 
cadences. 

Ranges of transverse rotation of the pelvis, femur, and tibia, as well as the maximum, 
minimum, and average values in each case, are shown in Table II. These values were 
obtained from the individual cuiwes. llTiile the magnitudes of transverse rotation varj- 
in individual cases, it is of importance for the designer of mechanisms and for the clinician 
to have a concept of ranges of these motions and the average values. Cun'es for a .single 
subject are shon-n in Figure 5-A. The general pattern is similar to that of the curves shown 
in Figure 3. As premously mentioned, however, the knee-locking effect is shown more dis- 


TABLE IV 

Magnitudes of Tr-an-sa-er-se Rotation' of the Pelat^, Femur, .and Tibia * 



Transverse Rotation 


RelatiA'e Transuerse Rotation 


Member 

Range 

(Degrees) 

Average 1 
(Degrees) 

Members Range 

(Degreei) 

Average 
( Degree j*) 

Peh-is 

3 0 to 13 3 

7 7 

Tibia Aiitli respect 4 1 to 13 3 

to femur 

8 7 

Femur 

8 6 to 24 S 

15 3 

Femur with respect 4 9 to 11 4 

8 4 

Tibia 

13 4 to 25 6 

19 3 

to peh-is 



* Complete data are shoAA'n in Tables II and III. 
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Fig. 5-A 

Subjoct 27. Rotations of the pelvis, femur, and tibia, as viewed from above. 
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Fig. 6 


Relation of rotation, in degrees, to percentile rank (during stance phase). 
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tincfly ill the (ihial ciirvo. Xo(o particularly flu- liatt'‘ning of the cuive near the heel- 
striking and the iiecl-rising position? of the slanct* pliase. 

U Idle it is imiiortant to know the ranges of transverse rotation of the pelvis, femur, 
and til)ia. it is even more significant to learn of the magnitudes of relative rotations of the 
femur with respect to the jielvis, and of the tibia with re-spect to the femur, since such 
values may have a liearing upon the de.sign of artificial limbs, a? well as upon the functions 
of the joints from a clinical point of view. 

, Composite curves for all subjects, showing relative transverse rotations of the tibia 
"ith respect to the femur (knee joint) and of the femur with respect to the pehis (hip) 
are presented in Figure 4. In the former instance there is practically no relative rotation 
during the period from the feet-abreast position to the locked-knee position of the swing 
phase, and relative inward rotation of approximately 3.5 degrees occurs between the 
locked-knee position and the full weight-bearing position. Beyond this point there is a 
slight outward relative transverse rotation of approximately' 1.5 degree.*, during the in- 
terval from the full weight-bearing po.sition to the time flexing at the knee occurs. This is 
followed by a very slight inward rotation of about 0.5 degree, after which there is a marked 
relative outward rotation of approximately 3.5 degrees as the foot reaches the toe-off 
position. 

The relative rotation of the femur with respect to the peh-is is also of considerable 
interest. Throughout the period from minimal load to full weight-bearing, inward rotation 
of approximately 7 degrees occurs. From the full weight-bearing position to the toe-off 
position, outward rotation of about 6.5 degrees takes place. It should be reiterated that 
this discussion of results deals only with transverse rotatory- motions of the various seg- 
ments of the lower extremity, as projected upon a horizontal plane, and only- for the cases 
covering straight and le\'el walking. 

In all subjects, the average relative rotation of the tibia with respect to the floor when 
Ithe foot is fi.xed on the floor— that is, during the major portion of the stance phase— may 
be obtained from the tibial pin cun-e. The magnitude of the relative rotation is approxi- 
mately 7 degrees mward. during the interval from 7 per cent, to 17 per cent, of the walking 
cycle;' and it is approximately 8 degrees outward in the inten-al from 17 per cent, to 43 
per cent, of the walking cycle (Fig. 3). 

Ranges of relative transvei-se rotation of the tibia with respect to the femur and of the 
femur with respect to the pehis, as well as maximum, minimum, and average values for the 
indi\idual cases, are shown in Table IV. Here again, variations exist in the magnitudes of 
relative transverse rotations for the indhidual cases. A knowiedge of the possible ranges 
and average values is of significance to both designer and clinician, since such information 
will be helpful both in developing mechanisms for the improvement of artificial limbs and 
in a better understanding of locomotion. 

Figure 5-B shows the relative transverse rotations at the knee and hip joints of one 
subject. During the stance phase, in the inteiwal from the heel-striking position to the 
feet-abreast position, very- little transverse rotation of the tibia with respect to the femur 
takes place (about 1 to 1.5 degrees). As the knee locks, relative rotation increases inwardly 
about 2.5 degrees, followed by a rapid outward relative rotation of about 4 degrees a.* the 
knee flexes to the toe-off position. 

During the interval from the heel-striking position to the foot-fiat position of the 
stance phase, the relative transverse rotation of the femur with respect to the pehis is 
about 10 degrees inward, followed by a shorter inten-al from the latter position to the 
feet-abreast position, during which the relative rotation i.* about 2 degrees outward. Thi* 
action is then followed by inward relative rotation of about 2 degrees, during the interval 
from the feet-abreast position to the heel-rising position. From this point on. fairly rapid 
outward relative rotation of appro.ximately 10 degree? occurs as the toe-off portion L* 

reached. 

VOL. 30..V >-0. •<. OCTOBEB^O. 



870 


A. S. LEVENS, V. T. INMAN, AND .T. A. BLOSSER 



/ 


Fig. S 

Ankle-rotation mechanism during walking. 



The relation to percentile rank of the relative rotations of the femur with respect to 
the peh-is, and of the tibia with respect to the femur, is shown in Figure 6. Ordinate values 
represent percentages of subjects having magnitudes of rotation less than the values shown 
bjr the corresponding abscissae. The points for both cases — femur with re.spect to pelvis 
and tibia with respect to femur — lie verj- nearh' on straight lines, indicating a normal 
distribution pattern. 

A striking demonstration of relative transverse rotation between the tibia and femur 
at the knee joint is shown in Figures 7-A and 7-B. The angular displacement caused by the 
change from the flexed position of the leg to the fulh' extended position is clearh' seen in 
the angular change between the targets. 

SU>IiLA.RY .\XD COXCLUSIOXS 

Transverse rotations of the pehis, femur, and tibia occur in all normal indi%'iduals 
(Table IV). Inward and outward rotations of the segments are related to weight-bearing. 
Inward rotation takes place during the phase from minimal weight-bearing to full weight- 
bearing, and outward rotation occurs during the phase from full weight-bearing to minimal 
load. 

The rotations of the lower extremity appear to be absorbed in the articulations of the 
foot and their related ligamentous structures. 

Restrictions placed upon the normal transverse rotations will, to varjung degree.-, 
modify the sjmehrony and rhj-thm of Avalking. The awkwardness and discomfort of a 
patient, required to wear a leg brace which does not pro'vide for these rotations at the hip. 
knee, and foot, are no doubt due, in part, to the restriction of these motions. 

At the present time no prosthesis for the lower extremity has purposely incorporated 
mechanisms to provide for transverse rotatorv' motions, except on an ex^perimental basis. 
Suppressing this rotation prevents the prosthesis from approaching the bcharior of a 
normal extremity, and thus requires alterations in the normal pattern of movem''nt of the 
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joints proximal to the amputation. Relative motion n-ill take place where the resistance 
to torque is the least. During weight-bearing in the stance phase, this motion will tend to 
occur between the stump and the socket, producing a most uncomfortable force on the 
stump. This is particular!}'- true of the abovc-the-knee suction-socket limb. In the below- 
the-knee amputee, in addition to the major rotations that occur between the trunk and 
the fixed foot position, there is further restriction of rotatory motion at the knee, produced 
by the side hinge bars connecting the thigh lacer and the sliank. In the case of below-the- 
knee amputees who have adequate stump length and shape, the use of suction sockets and' 
an ankle mechanism may make it 23o.ssible not onl}'- to provide for transverse rotation, but 
also to do away with side hinge bai's and lacers, u'hich tend to restrict the normal action 
of the knee. 

The incorporation of a simple mechanism which provides for transverse rotation of 
sufficient magnitude, together with a unit for the return of the foot to the normal position, 
ma,y well constitute a major contribution to both the comfort of the amputee and the 
improvement of function and synchrony in walking. An experimental mechanism has been 
used on this project. All amputees who have employed this mechanism have attested to 
the very marked improvement in comfort. Figure 8 show's reproductions of frames, taken 
from high-speed motion pictures, of an amputee using the experimental rotatory mecha- 
nism. The frames selected for i-eproduction show' the six salient positions of the foot during 
the stance phase. Attention should be called to changes in the gap (A) betw'een the stops; 
the wddth of the gap show's the amount of rotation occurring betw'een the leg and the foot. 
The ultimate incorporation of this device, or modifications of it, in a prosthesis may w'ell 
become standard practice, and ma}' be advantageous in leg braces. 


COMPLETE DISLOCATION OF THE TALUS 

BY W'ENDELL J. NEWCOMB, M.D., PENSACOLA, FLORIDA, AND 
ERNEST A. BRAV, M.D., LOUISVILLE, KENTUCKY 


This case is reported because of its rarity and because it demonstrates the need for 
immediate reduction, the possibilit}' of revascularization, and the policy of preserving 
the talus. 


A man, forty-five years old, jumped from a moving vehicle and struck the occipital portion of his skull 
against the ground. He suffered a mild cerebral concussion and, therefore, had no i-ecollection of the mecha- 
nism of his associated ankle injury. He arrived at the hospital about one hour after the injury, and treatment 
was rendered immediately. 

Physical examination showed inversion of the right foot with a marked prominence anterior to the 
lateral malleolus. The skin was very tense over the prominence. The roentgenograms reveahd rotation of the 
talus 90 degrees about the horizontal and vertical a.xes. The position of this bone was transverse to the hori- 
zontal axis of the foot, and its posterior portion was lateral and anterior to the fibula. No fracture was noted 


/Figs. 1 and 2). . . . , i r 

The treatment, carried out with the patient under spinal anaesthesia, consisted of traction by means ot a 

1/irschner wire through the calcaneus, and countertraction on a Stcinmann pin in the proximal portion of 
■Uie tibia Considerable traction was necessary before pressure in a posteromedial direction, over the lateral 
•nrominence forced the displaced bone into the anteroposterior plane. Roentgenograms then revealed that . 
-it had rotated 90 degrees about the vertical axis, while travelling the 90 degrees of displacement in the 

;|,«rk»nlal Stcinmann pin tvcrc removed, and a totvlo-proln plactcr tva, appikd, Tl.i, n„. 

dmmS spin antcnorly. After one tveek the plneter changed; at „.i, „n.e „ ™„„ necrol.c are. 
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Fig. 1 Fig. 2 


Fig. 1; Anteroposterior ww shon-s the posterior portion of the talus, 90 degrees lateral to its normal 
position and rotated 90 degrees on the vertical avis. 

Fig. 2: Lateral shows posterior portion of talus anterior to the fibula, and confirms the rotation. 




found in the skin on the lateral surface of the ankle, where the posterior portion of the talus had caused 
marked tautness of the skin for about one and one-half hours prior to reduction (Fig. 3). Immobilization was 
continued for four weeks and then active exercise was started. .A.t six weeks after injurj' a mild inversion of 
the foot was noted. A. lateral solo-and-heel wedge was applied, and partial weight-bearing was started. A 
gradual increase of weight-bearing was permitted 
during the nex-t four weeks: during this time the 
daily application of heat and active e.xercise pro- 
duced a continued increase in foot and ankle mo- 
tions. In three months the patient returned to 
sedentarj- work. .At the end of sue months, the 
roentgenograms (Figs. 4 and 5) rei-ealed mild 
decreased density m the superior portion of the 
talus, but no aseptic necrosis. Plantar fle.xion 
of the ankle was through 30 degrees, with 10 
degrees of dorsifle.xion. Foot movements were 
possible through 5 degrees of eversion and 10 
degrees of inversion. 

DISCCSSIOX 

Collins and Collins, Sneed, 01- 
lerenshaw, and Alitchell have all re- 
ported reduction of total dislocations of 
the talus, xxdth satisfactory' results. The 
first two authors reported compound 
dislocations and the last two, simple 
dislocations. ^litchell’s case was very 
similar to the one presented in this re- 
port, but the dislocation in his case was 
of eighteen hours’ duration and the 
postreduetion necrosis over the promi- 
nence was much greater. 

The majority of earlier authors, 
such as Stimson and Basil Morris, as cited by Sneed, advised removal of the talu' in 
such cases; but the modem writers, including Watson-Joncs. Wilson, and Ivey and 
Conwell emphasize the preseiwation of the talus, if possible. Watson-Jonc.« 'tatC' that 


Fig. 3 

Shows soft-tissue necrosis antenor to lateral malh-o- 
lus, where the po-terinr portion of the talu- cau-i-d 
lautness of the skin before rednetion. 
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the functional result with the talus preserved is better, oven when the complications 
necessitate arthrodesis, than the functional results following astragalectomy. 



Fig. 4 



Si.\ months aflof reciucfion, no aseptic necrosis is evident. 


Revascularization occurs more readily if the neck has not been fractured. The spon- 
taneous reattachment of soft tissue supplies the necessary vascular source. McKeever and 
Sneed have shown that the major nutrient supply is through the dense superior talo- 
navicular ligament, which extends as a bi’oad band from the dorsal surface of the neck to 
the dorsal periphery of the navicular. Some small strands of this strong ligament probably 
remain attached, and through them revascularization can readily develop. 
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RESULTS OF OPEN REDUCTION OF “TRUE” CONGENITAL LUXATION 

OF THE HIP * 

BY PROFESSOR JACQUES LEVEUFf, PARIS, FRAXCE 

This paper deals only -with “tnie” congenital luxation of the hip. It concerns many 
advances which have been made since 1946, when a book on this subject, by Leveuf 
and Bertrand, was published. The fundamental point in this problem remains the distinc- 
tion between a true luxation and a primarj' subluxation.'^ 

In hixatiou one always finds inteiposition of soft tissues between the head of the femur 
and the acetabulum, — that is. a narrow hourglass constriction of the capsule, confining 
the head; the obstruction of the acetabulum by the inferior fold of the capsule; a cartilagi- 
nous roof (or limbus), pushed down into the joint by the head; and a huge ligamentum 
teres which is present in half of the cases. The head is round in shape and small in size. 
After the interpositions have been removed, the acetabulum itself appears to be of fair 
size and depth. 


T.ABLE I 

Primary Opex Redcctiox iv 116 Hips ** 


Age of Patients 

10 months 

to 

Between 2 
and 

Between 3 
and 

Between 4 
and 

Between 5 
and 

i 

1 

Total 




2 years 

3 years 

4 years 

5 \Tars 

10 years 

‘ No. 

Per cent. 

Xunibcr of Cases 

35 

44 

13 

12 

12 

1 116 


.Anatomical Results: 








Good . . 

31 

36 

10 

11 

11 

99 

85 3 

.Subluxations . 
Relaxations . 

3 

1 

3 

0 

3 

0 

1 

0 

5 ! 

17 

14 7 

Epiphysitis: 








Slight . 

7 

3 

1 

0 

1 ) 

27 

23 3 

Severe . 

6 

5 

2 

1 

1/ 

Motion of Joint: 








I. Xormal 

II. Fair . 

19 

11 

19 

17_ 

6 

7 

4 

4 


95 

SI 9 

III. Poor (stiffness) . 

4 

5 

0 

3 

n 

21 

IS 1 

n'. Bad (ankylosis) 

1 

3 

0 

1 

1 

•* Of these dislocations, thirty-four were bilateral and forty-eight were unilateral. 


In siibluxatioii, interposition of soft tissues never exists. The most important lesion is 
the limbus, which is pushed against the iliac bone. Atrophy of the roof causes the acetabu- 
lum to assume an oval shape. The head of the femur is bulky and out of shape, so it is 
difficult to get good congruence of the joint after the reduction. 

All of these anatomical facts are easily shown by arthrography. At the same time, 
one can see whether or not the closed reduction is perfect. 

The author’s present experience indicates that in true luxation, clearly established by 
arthrography, the interporition of soft tissues makes a correct reduction of the di.splace- 
nient impossible without open operation. Such an opinion is founded upon a series of facts: 

1. When an open reduction is performed, the interpositions shown by arthrograms 
are always found. 

2. AWien operation is performed upon a hip after closed reduction has failed, the 

* Read at the .Annual Meeting of Tlie .Americin Academy of Orthopaedic Surgeon'. Chierigo. lllinni>, 
.January 27, 19-lS. 

t Professor Leveuf died in .August I9tS. 
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Fig. 1-C 


Fig. 1-D 


Fig. 1-C: Result one year after open reduction. 

Fig. 1-D: Resected ligamentum teres and hypertrophied limbus. 


interposition of soft tissue, compressed among adhesions of the joint, is ahvays found 
None of the interposed tissue has disappeared, but the head of the femur is often mushroom- 
shaped with erosions of its cartilaginous covering. 

3. In about ten experimental cases of bilateral luxation (the same degree on botl: 
sides), the first side has been operated upon with good results; on the other side, treated bj 
closed reduction, reluxation has always resulted. 

4. In the clinic of Ponl I’ Abbe, in Brittany, we have set up statistics of congenital dis- 
locations, based on cases treated for two years. 

In thirty-six true luxations, the closed reduction, checked by arthrography, Avas 
tried in onlj^ four cases; the results AA'ere bad. In thirty-two patients aa^io Avere operated 
upon, fair reductions were obtained. On the contrary, in 'primary subluxaiions, treated 
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Fig. 2-C: Photomicrograph of fibrous portion of specimen shonn m Fig. 2-B. 

Fig. 2-D: Result five years after open reduction. The prei.nou3 epiphj-sitis has persisted. Motion is fair. 
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Fig 3-.\ Fig. .S-B 


Fig. 3-.A.: Case A.; arthrogram showing bilateral lu-\ation. 

Fig. 3-B: Open reduction was done on the nght, closed reduction on the left. 



Fig. 3-C Fig. 3-D 


Fig 3-C. -Appearance of the hips before reduction. 

Fig 3-D: The result three and one-half years after reduction. On the right (open reduction) there i' 
epiphysitis, but the result is good. On the left, which was treated by mi-take by clo-ed reduction, the 
result is very bad. 

before the patients tvere three years of age, the closed treatment gave very good results in 
about one-half of the cases. 

For these reasons we are able to say, first, that when good results were obtained in 
congenital dislocation of the hip by closed reduction vithout arthrography, according 
to the former methods, the condition was a primary' subluxation and never a tnie luxation. 
Second, a true luxation, duly established by arthrography, must be treated by op^n reduc- 
tion. It is a mistake to attempt bloodies- reduction in such a case, because it alway.- fail-: 
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number of cAses . 35 44 13 12 


Good reduction 

Good motion 

SO 


60 


^ . . . •^o 

Epiphysitis 


20 


Relux^tions 

O 

10 months 2 to 3 3 to 4 4 to 5 5 to 10 years 

to 2 years 

Chart I 

Results in 116 hips after primary open reduction. 

in addition, grave lesions of the head of the femur, produced by manipulations and by 
conservative treatment, result. 

RESULTS FOLLOWING OPEN REDUCTION' 

In the treatment of a true luxation, the ideal would be to deal only with 3 ''oung 
patients who had not undergone previous and quite useless manoeuvres of closed reduc- 
tion, not checked bj'" arthrography. Lacking this ideal situation, the author had to operate 
for other kinds of luxations. 

The operation is restricted to the cutting away of the soft parts which block the 
acetabulum. The main point is to use a good approach to the acetabulum, of which the 
Ollier transtrochanteric approach is the best. The technique of the operation was discussed 
b}"" Leveuf and Bertrand. 

The operation has been used, first, in cases of high dislocation in older persons, when 
the head could not be replaced in the acetabulum without the femur being shortened. 
In these cases our routine operation has been similar to the Zahradnicek technique. In 
addition, the author had to operate in cases of reluxation and secondary subluxation, after 
closed reduction had failed. 

The records include all patients operated upon from January 1941 until Jul}’’ 1947. 
For simplification, the discussion concerns the number of hips operated upon. Some of 
the operations were unilateral and some were bilateral. The total number is 318, consisting 
of 119 primaiy open reductions, 96 open reductions with shortening of the femur, and 103 
secondarv open reductions for reluxation after closed treatment. 

There were five deaths, three after primaiy open reduction, one after open reduction 
with shortening of the femur, and one after secondaiy open reduction, or a fatalitv I'ate 
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Fir. 4-A Fig 4-B 

Ca=e C. Patient three and one-half jear= old \rthrogram‘= show bilateral luxation, before and after 
primary open reduction 



Fig -i-C Fig 4-D 

Fig 4-C Before reduction Fig 4-D Three > cars after operation, motion is normal 



Fig Fig 5-B 



Fig. .5-C 


Fig 5- V Ca.-e I,<C1 , patient two \i.ir- uifl 
eight month- old Show - bilateral high luvition 


Fig o-B \ftcr bilati ml op* n n-^bi'iioti mr! 
re-ection of the fi mur 


Fig 5-C One \iar an< r the opi ritui'i-, no-- 
mal motion i- po^^hli 
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of 1.57 per cent. For six j^ears, no mortality took place. The live deaths occurred consecu- 
tively at the beginning of 1947, and are to be attributed to certain disturbances in the 
nursing staff. 

I. Results after Primary Open Reduction (Chart I) 

The IIG surviving cases include seventy-nine operations on patients who were three 
years old or under (the youngest was ten months old), and thirty-seven operations on 
patients between three and ten years of age (Table I). 

A. Anatomical Factors 

Of the total of 116 cases, the head of the femur was well replaced in 99 cases, or 85.3 
per cent. Not only reluxation, but even any slight subhixation, has been judged a primary’ 
bad result. Most of these dislocations were reduced later by orthopaedic manipulations oi 
by a secondary operation. 

Postoperatively, the structure of the head has sometimes been found to be impaired 
by epiphysitis. Epiphysitis is said to be slight when the head recovers without defoi-mity, 
it is said to be severe when the head remains out of shape. The proportion of epiphysitis 
■was very large in these 1 16 cases. 1 he condition was present in twenty-seven cases (23.3 per 
cent.) ; in tv'elve cases the epiphysitis was slight, and in fifteen a severe form was present. 

In this series, the ligamentum teres was present or absent in about the same number 
of cases. In either circumstance, the rate of slight and of severe epiph3'^sitis was about 
equal. Furthermore, the ligamentum teres was never seen to bleed after having been 
cut, so that excising the ligamentum teres does not appear to produce epiph3’'sitis. 

However, in thirty-five babies, whose hips were operated upon at two years of age 
or under, the ligamentum teres was present in twenty-three and absent in twelve. Of the 
twenty-three cases in which the ligamentum had been cut away, epiphj^sitis developed 
in eleven (47.8 per cent.). On the other hand, of twelve cases without the ligamentum 
teres, epiphj^sitis developed in only two (16.7 per cent.). These figures correlate with what 
we kno'v\' about the part pla3md 63'- the ligamentum teres in the circulation of the head of 
the femur in a very 3mung person. 

B. Motion of the Joint 

An accurate determination has been made of the state of motion in the joint after an 
open reduction, and the cases have been divided into four groups: 

Group I: Perfect results with normal range of motion, 

Group II : Good results, with the I'ange of flexion reaching at least 90 degrees and 
the range of abduction reaching at least 45 degrees; 

Group III; Poor results with more stiffness than in Group II; 

Group IV ; Bad results with failure or ank3dosis. • 

Gi’oups I and II represent very satisfactory results. Of the 116 hips, 95 or 81.9 per 
cent, were included in these two groups. Some of the patients in Group III may recover 
better motion in the course of time. The stiffness which develops after postoperative arthritis 
or epiphysitis sometimes disappears very sloAvly, — as long as three years in some cases. 

C. Age of the Patient 

When one considers the results after primary open reduction according to the age of 
the patient, it is clear that the results are better when the child is under three years of 
age. On the contraiy, the proportion of epiphysitis is higher in patients under two years 
of age. For this reason, between two and three 3’-ears of age was selected as the most 
favorable period for open reduction. 

Such a proportion of good results after open reduction is very interesting because, of 
the 116 hips, forty-eight patients had unilateral operation and thirty-four patients had 
bilateral operation. The number of bad results formerly recorded after closed reduction for 
bilateral luxation of the hip are well known. 
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Fig. 6-.\ Fig. 6-B 


Fic. 6-.V; Case T. U.; patient, thirteen and 
one-half years of age, had unilateral luxation. 
Open operation was by the Zahradnicek technique. 
Fig. 6»B: Two years after operation, motion poor. 
Fig. 7-.\: Case L. Patient, thirteen years old, had 
a unilateral luxation. 

Fig. 7-B: Open reduction, with shortening of the 



Fig. 7-.\ Fig. 7-B 

-, was carried out according to author’s method. 


II. Results after Open Reduction icith Shortening of the Femur 

Of ninety-five dislocations, eighty-one occurred in children between three and fifteen 
years of age. Fourteen occurred in individuals between fifteen and thirty-three years of 
age. In the young people (eighty-one cases), a fair reduction was obtained in sbety-three 
cases (77 per cent.). The bad results in the remaining eighteen cases were as follows: Eight 
had ankylosis, three had a high degree of coxa vara, and seven had some degree of necrosis 
of the head. The results as regards motion are as follows: 


Group I 
Group II 
Group III 
Group IV 


Fourteen cases 
Sixteen cases 
Fort 3 '-three cases 
Eight cases 


The good results (Groups I and II) are to be found onh' in j’oung patients. In the 
course of time, the acetabulum becomes narrow and must be e.xcavated in order that a 
good reduction maj^ be obtained. Such a manoemTe sets adhesions which leave the joint 
stiff. This stiffness reaches its highest degree in adults. 

Of the fourteen adults, reduction was satisfactory' in thirteen. In the one bad re.mlt. 
necrosis of the head developed. In contrast to these anatomical results, the degree of motion 
was verj' poor. Nine cases fell into Group III and five cases into Group IV. In other words, 
there was not a single .satisfactorj' result. 

For this reason, operation for bilateral dislocation is advocated onh' in children under 
six j'ears of age. In older patients, the author performs open reduction onh' for unilateral 
luxation. In this kind of open reduction, the head finds a secure support in the acetabulum 
and the joint retains a few degrees of motion in about two-thirds of the cases. 

During the last six months the author has tried to maintain a higher degree of mo- 
tion bj' keeping the capsule around the head of the femur, according to the Colonna 
technique. This is a very' interesting operation, especially' for adults wth high dislocations 
of both hips. 


III. Results in Open Reduction after Relitxalion and Secondary Subluxation 

In this group of cases the joint has been badly damaged by' pre\'ious manoemTes of 
closed reduction. At operation one always finds m.any' adhe.dons in the joint, manv 
ulcerations of the cartilaginous covering of the head, a wearing out of the acetabulum, and 
a severe degree of epiphy'sitis. 

The results are evidently' not so satisfactory as after primary open reduction, but thev 
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Fig. 8-D 


Fig. 8-E 


Fig. 8-D: Results thiee }''cais aftci secondary open reduction. Motion is nonnal. 

Fig. 8-E: Huge interposition of fibious tissue removed at the time of .secondai^'^ i eduction. 


are good enough to justify an operation. Of 102 cases, fair reductions were obtained in 
eighty-two. The bad results consisted of five reluxations and fifteen permanent subluxa- 
tions, which one cannot always reduce by a secondary operation. Severe epiphysitis existed 
in thirty-five cases, but this liad developed before the open reduction. 

Nevertheless, the results are sometimes very satisfactory. Good motion (Groups I 
and II) resulted in fifty-three cases or 51.9 per cent. Poor motion occurred in forty, and 
complete stiffness in only nine cases. 


COMMENT 


It would certainly be better to avoid reluxations and secondary subluxations. That 
is why it is absolutely necessary to check the reduction, by means of arthrograjihy, in all 
cases of congenital dislocation of the hip. Then one can verify that it is impossible to ob- 
tain a good result in true luxation without primary open reduction. 
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OCCURRENCE AND ^lANAGE^IENT OF REFLEX SYMPATHETIC 
DYSTROPHY (CAUSALGIA OF THE EXTREMITIES) * 

BY JAMES M’. T0X:MJ:A', M.D., BOSTON', MASSACHUSETTS 
F rom Ihe Department of Orthopedic Surgery, the Lahey Clinic, Boston 

Reflex sympathetic dystrophy is a disturbance of the sympathetic ner\'ous system. 
;haracterized by pain and smipathetic phenomena which may follow major or minor 
raumata. 

The term “causalgia " rvas first used by' ^litchell, Morehouse, and Keen at the time of 
he Civil War, Avhen causalgia was so brilliantly' described by' them. “Reflex dystrophy'”, 
ised by de Takats h embraces a u-ide range of related conditions, — ^from the relatively 
nild post-traumatic dystrophies, characterized by' moderate pain, with sweating and 
changes in the color of the skin, to the agonizing torments of the major causalgia. 

The most prominent feature of reflex sympathetic dy'strophy- is chronic, continuous, 
jurning pain. Characteristic sympathetic phenomena also appear, the most common of 
iVhich is vasoconstriction, which causes whiteness or blueness of the affected extremity, 
-onversely', there may' be vasodilatation, mth redness of the extremity'. The objective 
iigns M'hich indicate the syndrome of reflex sympathetic dy'strophy' are coldness, increased 
Bveating, skin-color changes — usually' pallor or cy'anosis — and swelling of the extremity, 
[n the advanced cases, the hand or foot is puffy, with enlarged, stiff joints not unlike those 
)f rheumatoid arthritis. The skin becomes atrophic, smooth and thin, with loss of wrin- 
des; and the nails become ridged. Roentgenographic examination of the bones shows 
generalized or spotty' decalcification, known as trophic osteitis or Sudeck’s bone atrophy. 

In articles on post-traumatic sympathetic dy'strophy', there has been an enormous 
mnfusion of terms, which has prevented simplification of the issue. Leriche, who has 
contributed much to the study' of pain, through the experience of more than 1200 sympa- 
:hectomies, referred to this sy'ndrome as the “post-traumatic ascending neuralgias”. 
Livingston® used the terra “post-traumatic pain sy'ndrome”. Homans has described the 
minor causalgias. The follow'ing terms were used in describing the thirty'-one cases studied 
in this series: “reflex sympathetic dystrophy”, “causalgia”, “minor causalgia”. “post- 
traumatic pain”, “traumatic sciatica”. “ sy'mpathetic phenomena post-traumatic”. 
“Sudeck’s atrophy'”, and “nerve injury'”. Thus, an effort has been made to describe the 
same sy'ndrome by a large gi-oup of heterogeneous terms. 

Because of this confusion, the author considers it worth while to bring this study 
to the attention of orthopaedic surgeons, who usually treat the injury in the first place, 
and are therefore concerned with the possible preventive treatment of sympathetic dys- 
trophy'. Although orthopaedic surgeons may not perform the sympathectomie.==, they 
should be conversant with this sy'ndrome. 

The pain may' come on directly' after the injury' and never abate, or it may' commence 
jveeks or even months after the injury' has occurred. The distribution of pain does not 
usually' follow the peripheral ner\'es, but tends to spread throughout the hand, foot, or 
even the entire extremity'. There is no definite clinical picture. The demarcation line be- 
tween the cerebrospinal pain following trauma and the later complicating pain of causalgia 
cannot be clearly' drawn. Reflex sympathetic dystrophy' appears une.xpectedly, frequently' 
after a very' mild trauma, such as an ordinary' sprain of the ankle, or even after a minor 
contusion. The initiating traumata in this series of thirty-one cases are shown in Table I. 

It is of particular significance to the orthopaedic surgeon that this condition i< so 

* Read at the .\nnual Meeting of The -American .Academy of Orthopaedic Purgcoos. Ciiicago, Illinol'. 
Januar>' 2G, 194S. 
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TABLE I 

Initiating Trauma in Thirti-one Cases 


Initial Trauma 

Numbei of Cases 

Fiactuic of ankle 

.3 

Othci fiactuies 

6 

Spi am of ankle . 

3 

Othei spiams 

2 

Pnmaiy nenm mjuiy 

3 

Injuiy aftei inicction of diug 

3 

Contusion 

3 

Contralatei al phenomena 

2 

Ciushmg mjuiy 

2 

Spontaneous mjuiy 

1 

Aiteiial thrombosis 

] 

Hemiplegia . 

1 

Injury aftei lemoval of bone tumor 

1 

Total 

31 


frequently caused by fractures and sprains. Attention ma}'- be draun to a dystrophy when 
a patient is not moving his joints normally after a trauma, and when he cannot tolerate 
any form of physiotherapy because of aggravation of pain. 

In all of the thirty-one cases reviewed (Table II), the condition was ultimately severe 
enough to require sympathectomy; it may also be noted that any injuiy to the extremi- 
ties, even operative trauma, may have as its sequel a reflex sympathetic dystrophy severe 
enough to warrant sympathectomy. Nerve injury and blood-vessel injury are notorious 
causes of reflex dystrophy, but are not outstanding in this series of cases, for in civilian 
life these injuries are not seen so frequently as they are in Avartime surgery. Crushing 
injuries are notably painful, slow in lecovery, and maj^ lead to sj^mpathetic d3'-strophy. 
In this series, the author could not find any typical chain of circumstances vdiich produce 
reflex dystrophj^ Some of the patients Avere adequately treated from the beginning bj’- 
competent orthopaedic surgeons. In other patients, the injuries, especial^'' ankle sprains, 
AA^ere neglected , some of the fractures AA'^ere immobilized for too long a time, AAoth the cast 
extending over the ends of the fingers. It is possible that both undertreatment, or alloAAong 
an injured extremity to function A^ery painfully, and oversplinting, or permitting disuse 
atrophj^ and stiffness, particular!}^ in older people, predispose to sympathetic dystrophy. 
More important still, it Ai^ould seem that it is the vasomotor temperament of the individ- 
ual, rather than the trauma itself, AA^hich tends to produce the sympathetic dystrophy. 
Obviously, in the great majoiity of patients AA^ho are undertreated or OA^ertreated, reflex 
dystrophy does not develop. Leriche emphasized the point that it is the vasomotor nature 
of the individual, rather than his mental reaction, AA'hich leads to sympathetic dystrophy; 
and Mayfield and Devine, in a psychiatric study of patients Avith causalgia, noted that 
they AAme found to be normally stable. 

It is the author’s belief that the spontaneous lessening of causalgic pain is the ex- 
ception rather than the rule. Not only does the intensity of the pain inciease, but it has 
an ever-widening distribution. Lapse of time does not seem to produce cure. Pain should 
not alAvays be considered a valuable Avarning of a serious pathological condition, or a 
protection to the body; but, as Leriche stated, pain may be a baleful gift. The agonizing 
pain of causalgia fills the patient’s entire life and consciousness and brings about serious 
personality changes. In the cases of scA’^ere dystrophy, pain appears to create more pain, 
both in degree and in extent. 
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diagnosis and TREATIIENT 

The diagnosis and treatment of reflex sympathetic dystrophy should be discussed at 
the same time because tlie local injection of procaine is the key to diagnosis, and may also 
effect a cure when used peripherally or to block the sjunpathetic ganglia. In eases of reflex 
sympathetic dystrophy, small, frequently multiple, excruciatingly tender areas, or “trig- 
ger points”, are usually found in the affected extremity. These areas are more tender 
than any of the surrounding stnictures. In our experience, the direct attack on these 
“trigger points” with repeated injections of procaine was usually unsuccessful in relicAung 
pain, and could not be compared in efficacy with the definite success achieved by local 
procaine block. The injection of procaine in trigger areas, however, may have value in 
the milder, more localized cases of dystrophy. 

After the presumptive diagnosis of reflex sjunpathetic dystrophy has been made from 
the patient’s histoiy- and from the physical and roentgenographic findings, the patient is 
admitted to the hospital; procaine block of the appropriate segments of the SAunpathetic 
chain is then carried out. This raaj' be either of the stellate ganglion, or the second and 
third thoracic ganglia, or a paravertebral sjunpathetic block. The technique has been 
described br* ^’olpitto and Risteen, Nicholson, and many others. The proper selection of 
patients for sympathectomy would be impossible without observation of the diagnostic 
effect of the block, since the signs and sjTnptoms of the sjmdrome are clear-cut in only a 
few cases. The general statement may be made that patients who obtain little or no relief 
from a block will obtain little or no relief from sjunpathectomy ; the reverse is also true to a 
lesser degree. 

Evans emphasized the importance of the diagnostic procaine block. The dramatic, 
rapid relief of chronic pain, often of j’ears’ duration, which is afforded by a few cubic 
centimeters of procaine, is a phenomenon which is never forgotten after it has once been 
seen. This procedure has opened a new door in the treatment of pain. A few drops of 
procaine may free the patient from the tjTanny of pain which had existed for years. 

One of the chief difficulties in the evaluation of the efficacy of the block is the sug- 
gestibility of the patient himself. If it is suspected that the patient is unduly susceptible 
to suggestion, the block should then be repeated with saline solution instead of procaine. 
Some patients with the milder forms of causalgia, as suggested b\' Homans, may be 
relieved by one or a series of procaine blocks. Homans emphasized the prevalence of minor 
injuries as etiological agents, especially the puncture injuries of splinters, thorns, and 
the bites of animals. Leriche described a classical case of causalgia produced by a bone- 
splinter wound, sustained while the patient was dressing a rabbit, in which the causalgia 
was completely relieved by repeated procaine blocks alone. 

The procaine blocks in this series were carried out in the Department of Anesthesi- 
ologj’ under the direction of Urban H. Eversole, who stressed the following points; 

1. A single negative block should not be accepted as diagnostic, since there is the 
possibility that the ganglion may have been missed. 

2. False-positive results from block may be due to the effect on peripheral nen.-es; 
therefore, small amounts of procaine should be used for a diagnosis. 

3. There should be positive cAudence of a successful block, such as Homers sj-n- 
drome; the success of a lumbar block is verj' doubtful if it does not produce at ]p3.«t a 
slight rise in temperature. 

This study was based on thirty-one patients vith reflex sj-mpathetic dystrophy, 
treated bj' sjmpathectomy, who were seen at the Lahej' Clinic from July 1944. to July 
1947. During this same period. 337 SAunpathcctomies were performed, for all cause.-, 
demonstrating that this series of cases with reflex sjunpathetic dystrophy con.-titutes a 
relatiA'ely small proportion of the total number of SAunpathectomies performed. Nearly 
all of these operations AA'ere performed on the Neurological Senice. The technique of 
sjmpathectomy has been described bj- de Takats ^ Smithwick. Pearl, and \Miite. 
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The results in this series were: good to excellent in twenty cases, fair in two cases, 
and poor in nine cases. In every case the coldness, blueness, and increased sweating were 
relieved by sympathectomy; but relief from pain was not uniform. At the time of sym- 
pathectomy, the oldest patient was sixt3''-four years of age and the youngest was nineteen. 
Of the four patients wlio were sixty years of age or older, a good result was obtained in 
only one, whereas good to excellent results were obtained in the four youngest patients, 
thus indicating that tire results of sympathectomy are better in tlie younger age groups. 

The average time which elapsed between injury and sj'-mpathectom}'- was thirty-two 
months, a surprisingly long period ; this average excluded two cases of twenty and twenty- 
two jmars’ duration. 

There were eighteen females and thirteen males in this series. Fifty-five per cent, of 
the females and 70 per cent, of the males had good to excellent results, indicating that 
males appear to be a better risk for sj'’m2Dathectom3'’. Good or excellent results were secured 
in approximatel 3 ’’ two-thirds of the patients upon whom S 3 '^mpathectomies were performed. 

A correlation was made between the duration of S3'^mptoms and the results of sym- 
pathectom3'’. It seemed that, in the cases with a longer histoi^’’ of s3’’mptoms and well- 
worn pain pathwa 3 ’^s, the patients did not respond so well after S 3 '’mpathectomy as did 
the patients whose s3'’mptoms had been of shorter duration. The interval between the 
onset of s3'-mptoms and s3'-mpathectom3'- aAmraged eighteen months in the “good-to- 
excellent” group, and thirt3^-five and one-half months in the “poor” group. Therefore, 
it can be definite^'' said that the prognosis is better in patients who have not had reflex 
sympathetic d3'-stroph3'' for a long period of time. Leriche pointed out the many harmful 
side-effects of pain, and advised not waiting too long before s3''mpathectomy is done. 

In this series, the numbers of upper extremities and longer extremities involved were 
approximately equal, and there was no significant difference in the number of good results 
obtained after s3mpathectomy in these groups. The blocks accurately forecast the relief 
to be obtained b3f s3mpathectomy in all but four of the cases in the series. It is significant 
that, in general, a good block ensures a good operative result. In the four exceptions, all 
of the patients had had good blocks, but showed poor operative results. In two of these 
cases, the lower extremity was inAmlved, and in two, the upper extremit3^ In every case in 
which there was a fair or poor block, the operative result was fair or poor. 

The average period of time between the s3''mpathectom3'^ and the last examination was 
nineteen months; the shortest period -was two months, and the longest forty-four months. 

Two patients illustrated the tendency of a causalgic state to be transferred into the 
opposite extremity. Each of these patients had had an upper extremity amputated many 
years before. In one patient, who did heavy manual labor, a severe reflex sympathetic 
dystrophy developed in the remaining upper extremity, with spontaneous onset. This was 
satisfactorily relieved by s3mpathectomy. In the second of these amputees, causalgia 
developed in the i-emaining upper extremity after traumatic amputation of the fifth 
finger. This patient received partial relief from a block, and no relief from a sympathec- 
tom3^ Three years after sympathectomy, he reported that he still had pain in his arm, 
and that he had had to give up working. 

S3mpathectomy was done in 75 per cent, of our cases. It is the author’s opinion that 
sympathectom3'' should be done, even when the result of sympathetic block is not satis- 
factoiy, if the t3'’pical objective sympathetic phenomena are present. A borderline case, 
in which the diagnosis of reflex S 3 mpathetic‘ dystroph 3 ’' is not clear-cut, and in Avhich the 
results of S 3 mpathetic procaine block are unsatisfactory, will shoAV a poor result from 
S3’'mpathectom3^ 

Etamon chloride, instead of the procaine sympathetic block, has been used by James 
A. Evans at the Lahe3^ Clinic in treating several patients. The results in these patients 
were satisfactoiy, and the}' were discharged without S3mpathetic surgery. Our experience 
is not extensive enough, however, to formulate an opinion regarding this drug. 
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REFLEX SYMPATHETIC DYSTROPHY 
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Tlie importance of active use of the extremity, as a valuable means of breaking the 
reflex, must not be forgotten. Before the value of blocks and sjunpathectomies, in the 
treatment of reflex sympathetic dystrophy, was appreciated, these patients were treated 
with carefully controlled physiotherapy*, particularly active exercises and insistence upon 
active use of the extremity. In general, it may be said that the patients who were able 
to cooperate with the program gradually improved. Function increased, atrophy of soft 
parts and dccalcification of bone lessened, and pain diminished. The road was a long and 
hard one for patient and surgeon alike. Sympathectomy has proved to be a short cut to 
cure in many of these cases; nevertheless, after sympathectomy, it is of paramount im- 
portance that physiotherapy be instituted, especially in the form of active exercises, for the 
rehabilitation of stiff joints and atrophied muscles. 

Although good to excellent results were obtained in relie\'ing the pain in two-thirds 
of the patients with sympathetic reflex dystrophy upon whom sjunpathectomies were per- 
formed, the need for further study of this problem is e\'ident. Pain is a dynamic force, — 
a veritable flood which will seek outlet by every possible means. The neurosurgeon gradu- 
ally has developed an armamentarium of means to block the pathways of pain, but the 
problem is not yet completely solved. It must be emphasized that sympathectomy is 
not a cure-all for dystrophies. 

Peripheral-nerve section, in general, is unsatisfacton,'. It may continue from eighteen 
months to two years, but some patients obtain relief for onlj* two or three months after 
this procedure. Rhizotomy has largely been discontinued because of the poor operative 
results. Spinal chordotomy has serious disadvantages in its effect upon the bladder and 
rectum, and also in the possibility of incomplete relief from pain and of pain in new loca- 
tions. Periarterial sj'mpathectomy still has a place in certain cases, as Leriche reported. 

At present, sj-mpathectom}* is by far the best operative procedure for the treatment 
of reflex sj-mpathetic dystrophy; in addition to sjunpathectomy, however, the underlying 
cause of the pain must be corrected, as has been demonstrated in two of the cases in which 
arthrodeses were performed. 


PREVENTIVE TRE.\TMENT 

The underhung principle in preventing the occurrence of reflex sjunpathetic dystrophy 
is to treat the trauma so that painless function of the extremity is restored in the quickest 
possible time. During all phases of recoveiu'. it is important to prevent the patients from 
having pain. The author believes that the modem tendency to use procaine locally in the 
treatment of sprains is an excellent one, and that its use should be widened. In the treat- 
ment of fractures, it is important to look for any injuries, however slight, which may 
affect blood vessels or nerves. If any sjunpathetic phenomena are noted, a procaine block 
should then be done; if indicated, a series of blocks should be performed. Overtreatment 
of fractures is dangerous: splinting should not be continued too long and function of the 
extremity must be encouraged. Local injections of procaine and procaine blocks, as ad- 
juvants to the earh' treatment of trauma, will lessen the incidence of reflex sjunpathetic 
dystrophy. 


srinL\RY 

In thirty-one cases of reflex sj'mpathetic dystropln*. patients were treated by sympa- 
thectomy at the Lahej' Clinic, from July 1944, to July 1947. The average postoperative 
follow-up period was nineteen months. Fractures and sprains were the inciting causes 
in one-half of the cases in this series. 

The diagnosis rests on the clinical picture of sympathetic phenomena, which include: 
coldness, skin-color changes, increased sweating, swelling, and atrophy of skin anil bone. 
■plus the relief of pain, sweating, and coldness by procaine sjunpathetic blocks. 

Sympathectomy is justified if good, but not permanent, results are obtained by the 
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procaine sympathetic blocks. Sympathectomy can be relied upon to relieve the sympa- 
thetic phenomena; this procedure relieved the pain in two-thirds of our cases. 

Surgery, such as arthrodeses of painful joints, may be required, together with sym- 
pathectomy, to effect a cure. 

In this series, the best results were achieved in those patients who had had reflex 
sympathetic dystrophy for relatively short periods, and those who were in the younger 
age groups. 

If the result of the block is poor, the result of the sympathectomy will also be poor. 
Even though the result of the block is good, the i-esult of sympathectomy will not be 
good in all cases. 

The prevention of reflex sympathetic dystroph.y depends upon treating traumata so 
that pain is minimized and function is restored to the extremity as rapidly as possible. 


REFERENCES 

1. DE TakXts, GfzA: Refle.v Dystropliy of the Extremities. Arcii. Surg., 34: 939-956, 1937. 

2. DE Takats, GIza: Technic of Lumbar Sympathectomy. Surg. Clin. North America, 26: 56-69, 1946. 

3. Evans, J. A.: Reflex Sympathetic Dystrophy. Surg., Gynec., and Obstet., 82: 36-43, 1946. 

4. Eversole, U. H. : Personal communication. 

5. Homans, John: Minor Causalgia: A H 3 mcrcsthctic Neurovascular Syndrome. New England J. Med., 
222: 870-874, 1940. 

6. Homans, John: Minor Causalgia Following Injuries and AVounds. Ann. Surg., 113: 932-941, 1941. 

7. Leriche, Rene: The Surgery of Pain. Translated and edited bj'^ Archibald Young. Baltimore, Williams 
and Wilkins Co., 1939. 

8. Livingston, W. K. : Post-traumatic Pain Syndromes: An Interpretation of the Underlying Pathological 
Physiology. Western J. Surg., 46: 341-347, 426-434, 1938. 

9. Livingston, W. K. : Pain Mechanisms. A Physiologic Interpretation of Causalgia and Its Related States. 
New York, Macmillan Co., 1943. 

10. Mayfield, F. H., and Devine, J. Y’’. : Causalgia. Surg., Gynec., and Obstet., 80: 631-635, 1945. 

11. Mitchell, S. \Y.; Morehouse, G. R.; and Keen, W. AV.: Gunshot AA^’ounds and Other Injuries of 
Nerves. Philadelphia, J. B. Lippincott Co., 1864. 

12. Nicholson, hi. J. : Treatment of Thrombophlebitis b}’' Paravertebral S^’-mpathetic Block. Anesth. and 
Analgesia, 21: 137-150, 1942. 

13. Pearl, F. L.: Muscle-Splitting Extraperitoneal Lumbar Ganglionectomy. Surg., Gynec., and Obstet., 
65; 107-112, 1937. 

14. Smithwick, R. H,: Modified Dorsal Sjnnpathectomj’^ for Avascular Spasm (Raynaud’s Disease) of the 
Upper Extremity. A Preliminary Report. Ann. Surg., 104: 339-350, 1936. 

15. Smithwick, R. H. : The Value of Sympathectomy in the Treatment of Avascular Disease. New England 
J. Med., 216: 141-150, 1937. 

16. SuDECK, P. : Ueber die acute entztindliche Knochenatrophie. Arch. f. Klin. Chir., 62: 147-156, 1900. 

17. VoLPiTTO, P. P., and Risteen, AA''. A.: The Use of Stellate Ganglion Block in Cerebral Avascular Occlu- 
sions. Anesthesiology, 4: 403-408, 1943. 

IS. AA^hite, j. C. : Progress in the Surgerj^ of the Autonomic Nervous Sj'stem. New England J. Med., 217: 
660-668, 1937. 

19. AA’'hitb, j. C.: Progress in Surgeiy of tlie Autonomic Nervous Sj^stem. Surgery, 4: 781-799, 1938. 

DISCUSSION 

Dr. j. E. M. Thomson, Lincoln, Nebraska : Dr. Tourney has covered thoroughly the various aspects 
of this subject with respect to etiology, recognition, and treatment. The early recognition of potential 
causalgia and the care given after severe and minor injuries of the extremities cannot be overemphasized. 

In my opinion, the definite presence of local shock, vasomotor deficiencj^ coldness, pallor, or extreme 
swelling is sufficient to justify paravertebral procaine block of the controlling sjmipathelic mechanism, with 
perhaps local procaine infiltration. 

The decision to perform a sympathectomy must be made early, if it is to be effective and to prevent 
chronic s^miptomatic and objective changes in the extremit 3 E The response to paravertebral block forms a 
good criterion as to what ma 3 " be expected from a S 3 mpathectom 3 \ 

One point that I would like to stress is the importance of the control of pain in early or late cases of 
causalgia and neuralgia, in obtaining an estimation of the progress and course of the condition. In 1931, 

(Continued on page 907) 
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ARTHRITIS DEFORMANS OF THE HIP JOINT AND ITS 
PATHOLOGICAL HISTOLOGY 

Rese vrch in* Polarized Light 

BY P\OLO E. LUGI\TO, M.D., BERGAMO, IT^LI 
From Ortopedico ^fatteo Rota*, lierqamo 

Much is kno\m of the pathological anatomy of arthritis deformans in general, and 
if the hip joint in particular. The essential alterations are traumatic in origin and include 
legenerative and proliferative changes, erosion of the cartilaginous and superficial bony 
trata, and loss of elasticity of the joint components. 

Degeneration, proliferation, and erosion are most e%*ident on macroscopic examina- 
ion; and, in the more advanced stages, the loss of cartilage elasticity is apparent. 

.\lterations of the fibrillar framework of the cartilage result directlj* in loss of elas- 
icity. These changes appeal late in gross and histopathological preparations, stained by 
he common laboratorj’ methods. By the polanzed-light technique emploj'ed in this study, 
hese fibrillar alterations are shoii-n to appear early and to determine the sequence of 
hese M ell-known anatomicopathological changes. To demonstrate this, the author has 
anied out parallel studies of stained preparations and of similar unstained sections, 
xamined by means of polarized light. A technical description of the polarized-light 
nethod seems unnecessaiy, since it may be found in any good textbook on the subject. 

For a satisfactorj* understanding of the descnptions of the pathological material in- 
luded m thi« work, it is nece'^an to know the appearance of the normal joint tissue. 



Fig Fig 1-B 

Fio- l-\ Cro-i section of normal femoral head, stained inth hematoxj Iin-eo-m The rartilasi 
lateral* of imeicn thichnc-s, the ground sub-tanco i- stained deeph , the cartibgmou- cell group- 
increase m number and sire from surface to depth The o-teocartilagmou- boundan. l= clear, contin- 
uous, and \\a\'\ in outline Subchondral bone of moderate thickne— i- continuou- mth the cartilac 
and the underl3 mg spong> bone 

1, Superficial lajer 2, radial la\cr, 3, o-tcocartilaginou- boundan. . {, -ubchondral lion* 

Fig 1-B Same" ca=e Unstained preparation m Canada baUam, evamined in polanred light -mth 
Xicol’s pn-ms cro=-ed to 90 degree- Polanzation plane indicated at the liottom Surface laicr appoar- 
as the bright stnp at 1 The darkened later beneath contain- the cumlmcar fiber-, in\n-ib!e on thi 
photomicrograph, at 2 Bright radial fibers appear at 3, inter-per-ed bt cellular group- in moaie 
patterns and In mtnsible cro— fiber® Note bnght birefnngcnt pointhke nuclei The ei-teocartilagmou- 
boundarj appears at as a continuous binding zone, vi-ible as -ueli becau-e of difierene'e in b-ightm^ — 
Subchondral bone is hardli ei-ihle, liemg in a plane of polarization rlifTennt from that o'* cartilage 

Birefnngcnt cell nuclei and coll iginou- fiber-, as ®een in thi- illu-tration, arc not alnai- vr-ib'i in 
the ®anie plane of polanzition It i- often neci — are to ®et the plane of polanzation at a diffi rent angh 
m -uch ca-c- the fibnllar -truiture- nvie fade aieae and the nuclei mat appear ten neat (/fep-od tc'd 
bn pcrmi^^wti, from Chir d Oro di Miriinnitd’’) 

* Prof Dr R Marziani, Director 
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as stained by commonly employed methods, on the one hand, and as seen in polarized 
light on the other. Two photomicrographs of sections of a normal femoral head 
are shown to clarify the exposition. The first (Fig. 1-A) is stained with hematox 5 din-eosin, 
and shows a cross section of the cartilage and superficial bony layers of a normal adult 
femoral head. The second (Fig. 1-B) shows the same tissues in polarized light. In Figure 
1-B the unstained section has been embedded in Canada balsam and is viewed through a 
polarizing microscope (using crossed Nicol’s prisms, in an optic sector of maximum 
brightness) . 



Fig. 2-A 


Early changes include fraying of the surface layer, 1 , which is 
irregular; lack of uniformity in thiclcness of cartilage; spotted 
staining of ground substance; uncertointj' of osteocartilaginous 
boundary; and thinning of bone trabeculae. 



Fig. 2-B 


Same case in polarized light. Normal birefiingent fibrillar systems 
are changed into coarse groups in the upper portion. Note total 
ii regularity of the arrangement. In the lower portion, the arrange- 
ment is still well preserved. Binding line is scarcelj' visible, being 
broken in main' places. The continuit 3 ' of the fibrillar systems is 
broken in extensive areas, e.speciallj’ in the left upper portion of the 
illustration. 


IIISTOPATHOLOGICAL CHANGES 

One of the first altera- 
tions to be seen under the 
microscope is the fraying of 
the cartilage surface layer, the 
uniformit}’- and smoothness of 
which are being lost. In cross 
section there is irregularity of 
surface outline, slight at first 
but becoming more marked 
as degeneration progresses 
(Fig. 2-A). The superficial 
layers maj'- be elevated or par- 
tiall}^ exfoliated, causing un- 
evenness of depth of the car- 
tilaginous covering of the N 
bone. The ground substance 
of the radial lajmr is irregu- 
larly thickened and is stained 
very unevenI 5 ^ Less distinct 
is the boundary between bone 
and cartilage, and in places 
this line has disappeared. The 
subchondral bone is also ir- 
regularly thickened, presuma- 
bl 3 '' in order to compensate for 
the diminished resistance of 
the cartilage. 

The normal birefringent 
fibrillar system loses its regu- 
lar distribution (Fig. 2-B), 
being disposed in irregular 
coarse blocks in some places, 
while in others it remains un- 
changed. There may even be 
disappearance of entire bun- 
dles of birefringent fibers. 
During these early phases, 
changes in the other histologi- 
cal components are faintly 
perceptible. 

Penetration of vessels 
into the deeper cartilage 
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Fig. .3-.\ 

Fibnn deposits appear betueen the surface and intermediate 
la>ers of cartilage (/) There is a tendency to reduction m the 
number of cartilage cell groups ( 2 ). O=teocartilagmous boundary is 
broken and disappearing (.3). 


layers may rapirliy follow- 
fraying of the surface layers, 
through breaches in the osteo- 
cartilaginous boundary. Hem- 
orrhage. fibrin deposits, and 
scar tissue appear in rents 
formed in the frayed portions 
(Fig. 3-A). It will be seen 
further that the fibrin de- 
posits give rise to microcysts. 

With the erosion of the sur- 
face layer begins the progres- 
sive reduction in the number 
of cartilage cells. 

Birefringent collaginous 
fibrils greath- diminish in 
number and unite to form 
large supporting systems, 
having a radial distribution, 
apparently designed to pre- 
vent the progressive destirtc- 
tion of cartilage. They are 
joined with the fibrillar sys- 
tems of subchondral bone, ap- 
parently for reinforcement, 
and almost completely elimi- 
nate the optical boundary' 
which separates these two 
sj'stems in normal tissue (Fig. 

3-B). Sometimes rearrange- 
ment of the normal fibrillar 
system into bundles produces 
highh' intense light effects, 
indicating strengthening of 
the bundles (Figs. 4-A and 
i-B), while all other parts lose 
their brightness because of a 
sharp reduction in the num- 
ber of collaginous fibrils. 

Where the cartilage has 
been lost through erosion, the 
exposed underlj-ing bone is 
sclerotic and thickened. Soon 
the bone is covered with dense 

fibrous connective tissue, which reduces the erosion of the cartilage on the oppo-itc join! 
surface (Fig. 5-A). In these areas the fibrillar .system has disappeared with the cartilaae 
There is no trace of it in the dense connective tissue overh-ing the bone (Tie. .5-B). The 
remainder of the fibrillar system breaks up into small bundle^ and. little by little, i- re- 
absorbed. 

The erosion of cartilage is not always complete; often there is rapid thinninir. marki d 
loss of vitalitj'. and absence of cartilage cells (Fig, (FA). In adjacent portion- the remain- 
ing cells maj' be seen in clusters, showing some loss of their normal charar teri«tic'. and 



Fig 3-B 

.\ppcarancc of fibrillar systems m polanzed lisht. (Compare 
Fig. 3-.A. ) Shows remarkable thinning of =urface la.ver. column- 

bke fibnllar systems appear, contrasting with other, more weakh 
shining, sj steins (I) There is a tendency to mingling of cartibainou- 
and bony* fibnllar sy=tems, with fading of o=1cocartibginou-- lyiund- 
arj (.?) In thi= figure several pointlike nuclei appear, but are noi 
surrounded by the birefnngont fibnllar halo vi-ible in the preparation 
of the normal ti==uc. 
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Fig. 4-A Fig. 4-B 

Fig. 4-A: More advanced changes in polarized light. Some fibrillar, column-like systems aie highlj^ 
birefringent, while all others and those of the bone bed are scarcely visible. 

Fig. 4-B ; Cartilage remnant of acetabulum in polarized light. Big bundles of birefringent collaginous 
fibrils appear on the weakly shining background. The osteocartilaginous boundary has vanished. Theze 
is a thin la 3 mr of subchondi’al bone. 






Fig. 5-A 


Fig. 5-B 


Fig, 5-A: Eroded cartilage has been replaced bj'^ dense connective tissue; a small island of cartilage 
lemains, undergoing absorption (;?). Beneath, theze is a thick layer of bone. At J, an osteocartilaginous 
zone is still partially preserved. 

Fig. 5-B: Photomicrograph (reversed) in polarized light of a prepaiation similar to the preceding 
one. Abuzzdance of birefringent fibrils may be seen in cartilage at light, with little change. Wheze 
cartilage is replaced by connective tissue, these are absent. Wliite points az'c birefringent cellular nuclei 
and cross sections of collaginous fibzils. 



Fig. 6-A Fig. G-B 


Fig. G-.V: .Vbrupt reduction of thickness of cartilage is seen at the left, above. Theze is almost com- 
plete disapizt'aranee of cartilage cells at the right, and invasion of cartilage bj’ connective tissue. 

Fig. G-B: Stage of erosion is far advanced, ilarkcd reduction in thickness of cartilage, and rcplacc*- 
zuent fibrosis. The osteocartilaginous limit is irregular. The subchondral bone is markedly sclerotic. 
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Fio 7-A 

Hemato\yIm-coMn preparation and high-power magnification. 
Collaginous fibrils may be seen in some places between the super- 
ficial and radial strata of the cartilage; normal collaginou= fibrils 
cannot be revealed with this staining. 


UnttitHilly tlu* layer hm-oirtos 
inv;i(J('({ Iiy ((('list' fonnorlivt' 
ti.ssup. Tlir liotintijiry bettvopii 
bone anti rartilapo tlisappoars 
little by little (Fit:. ti-B). 

By tlie pnlariml-lipbl 
niethotl, it has been demon- 
s-tmtetl in the forepoinp that 
chanpeain arninpement of the 
collacinons fibrils appear very 
early in the evolution of ttr- 
thritis deformans, and consti- 
tute the first .sipns of degener- 
ation. Wlicn the ordinary 
methods of staining are em- 
ployed, fibrils are apparent 
microscopically only in the 
very late stages of degenera- 
tion, tvhen there has been c.v- 
tensive destruction of the 
cartilage layer. They arc 
never Ansible in normal tissue 
stained by hematoxylin-eosin. 
and only c.xceptionally can 
. they be demonstrated in path- 
ological tissue, as in Figure 
7-A. 

In the final stages of ar- 
thritis deformans, when com- 
pression and erosion have 
markedlj' thinned the carti- 
lage, the number of birefrin- 
gent collaginous bundles is 
greatlj' reduced, leaifing slen- 
der, feebly shining groups of 
poor refringibility. The bony 
fibrillar sj'stem is thoroughly 
disorganized. Here also, the 
bundles are reduced in num- 
ber and have almost lost their 
optical properties (Fig. 7-B). 

The Haversian sj-^stems are completeb* eclipsed. These changes are consistent with the 
gross changes of loss of brightness of the cartilage, its gray discoloration, and its softening. 

The last stage of degeneration is characterized by the complete replacement of large 
areas of cartilage by dense connective tissue, which in places gradually disappears. In 
areas not subjected to pressure, the connective tissue may retain juvenile characteristics 
(Fig. 8-A). Cartilaginous ground substance, devoid of cells, may remain imprisoned in the 
dense connective tissue for a long time. These inclusions are progressiveh" absorbed. In 
other areas subjected to compression — as bj' weight-bearing — -the bone, devoid of cartilage, 
is covered bj' a thin layer of dense fibrous tissue which shows a tendenej' to assume the 
function of the cartilage (Fig. 8-B). 

In addition to the appearance of collaginous fibrils in cartilage in polarized light. 



Im M. 


Fig. 7-B 

Birefnngent collaginous fibrils have almost wholly disappeared, 
except in a few areas, where they appear joined in slender bundles. 
Cellular nuclei are visible only in the narrowed layer of cartilage 
adjacent to the bone plate. 
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Fig. 8- a Fig. 8-B 

Fig. 8-A: Shows last stage of degeneration. Cartilage almost completely destroyed and replaced 
by young scar tissue, containing inclusions of cartilaginous ground substance, deeply stained by 
hematoxylin. 

Fig. 8-B : Complete replacement of cartilage by fibrous connective tissue. 
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Fig, 9-A 


Fig. 9-A; Formation bf fibrin-containing 
microej’^sts in an organizing hemorrhagic 
area. 

Fig. 9-B: High-power magnification of 
the area designated in Fig. 9-A. 


Fig. 9-B 


that of cartilage and bone cells was also studied, and comparison was made of normal and 
pathological tissues. This work was reported somewhat in detail in a preceding article®. 
The cellular elements in bone and cartilage, both normally and in cases of arthritis de- 
formans of the hip joint, show properties of birefringence, localized exclusively to the 
nuclei. It is, however, necessaiy to examine the preparations at a higher magnification 
than that used for the photomicrographs shoivn here. The nuclear mass varies in appear- 
ance in the same preparation. Some nuclei show a neat "polarization cross”; others, on 
the contrary, are characterized by the presence of small bright blocks, separated b.y thin, 
dark diaphragms. 

In preparations of the arthritic material, the optical properties of the remaining nu- 
clei are not modified. In the majority of cases, however, the cell nuclei cannot be observed 
when the alterations of the collaginous fibrillar sj^stem are far advanced. In such cases 
the nuclei no longer appear, even when the plane of polarization is properly rotated. 


Secondary Changes 

The changes discussed occur in every case of arthritis deformans and are characteristic 
of it. Other, less frequent, alterations will now be described. 

Breaks in the continuity of the osteocartilaginous line, which occur as one of the finst 
conspicuous microscopic changes, maj' be followed bj’- vascular penetration of the carti- 
lage; this, in turn, gives rise to replacement of eroded and degenerative cartilage by fibrous 
connective tissue. In one of the cases studied (Fig. 9-A), a well-formed thrombus vas 
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Fir. 10: Show-!; atlvaim'd cluiiiRi'S. 

Till- tliicknp'< (if tile cartihiRc 
layer varie>, due to irreRular 
erodoii. There i' proRn‘,''ive ali- 
sorption of earlilape eell- and 
partial tran-forniation of liyaliiie 
into filiroeartilape. .Vt tiie o^iteo- 
eartiiaRinoU'S boundary tliere i- 
an irn’Rular niieroe.v.=t, eontaininp 
fihrino-heniorrhapie element.':. The 
suliehondral lione ha." lieeome 
thickened. 

Fip. There i.= marked 

thinninp of the articular cartilage, 
which ha." undergone replact*- 
ment fibro"i>. Note the bland of 
cartilage which ha." become iso- 
lated by the interposition of bon.v 
tralicculae. 

Fig. 11-B: Same specimen as in 
Fig. prepared for study 

b.v polarized light. The bire- 

fringent eollaginous fibrils have U g 

disappeared from the surface 
Layer, which has become under- 
mined by subchondral bone. The fibrillar system of the cartilage islands (1 and 2 ) is well demonstrated. 



found, in a zone between dense connective tissue and degenerating cartilage. Evidence of 
the thrombotic origin of the changes shown in this portion of the section may be found in 
its triangular outline, with the base toward the surface and the ape.v toward the subchon- 
dral bony plate. With high-power magnification (Fig. 9-B) one can obser\-e the structure 
of a thrombus. Numerous microcysts with vascular walls are shown, containing fibrin 
clots that are partially organized. The hemorrhagic zone is clearh' bounded by cartilagi- 
nous tissue, on the right, and b 3 ^ fibrotic tissue, on the left. This has been obsen'ed fre- 
quently in other cases. 

In polarized light, birefringency ceases abruptlj' where the cartilage ends, the throm- 
botic triangular area, with its fibrin-containing microcj'sts, being wholh' dark because the 
birefringent collaginous fibrils have been destroj-ed and absorbed bj' scar tissue. 

It is sometimes possible to overlook the point of origin of the thrombus during the 
stage of organization of the fibrin clot, as in the case illustrated in Figure 10, where a 
vessel has penetrated through a break in the osteocartilaginous boundary and ."ubsequenth' 
ruptured, giving rise to hemorrhage. Alost of the surrounding cartilage tis.sue undergoes 
degeneration, passing through an intermediate stage of fibrocartilage and finalh' under- 
going replacement fibrosis. 

Islands of cartilage are often found deep in the subchondral bone in regions where 
marked thinning of the articular cartilage has occurred (Fig. II-A). The.'c Island.? become 
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isolated through the development of surrounding trabeculae and, freed from compression, 
begin to grow, as shown by some cartilage cells which present evidence of early prolifera- 
tion. The separation is often due to minute traumata. 

In polarized light one can detect the characteristics of the original cartilage in these 
islands (Fig. 11-B). The parallelism of radial fibers of the deep layer of cartilage has been 
well preserved and is easily recognized. The plane of polarization which best demonstrates 
the birefringent characteristics of the cartilage is different from that necessary to exhibit 
the birefringent fibrillar system of the surrounding bone. 

The description of other changes, such as marginal proliferations, fissures, other 
changes in the subchondral bone, Weichselbaum’s formations, Pommer’s cartilage nests, 
and other changes are omitted because they are Avell knoAvn and some of them are rare. 

CONCLUSIONS 

The fibrillar system constitutes the supporting framework of cartilage, the early 
weakening of which indicates loss of cartilaginous elasticity. Loss of elasticity is folloAved 
by erosion, marginal proliferations and, in the later stages, by invasion and replacement 
of cartilage by connective tissue. The degenerative process begins with the alteration of 
the fibrillar system of support. Degeneration increases AA'ith further alterations in the 
fibrillar system, and ends Avith the destruction of the joint surface. 

A study of the reaction of the fibrillar sj'^stem, therefore, becomes essential to an 
understanding of the changes characteristic of arthritis deformans. Further study of fi- 
brillar systems AAmuld seem A'^aluable in other pathological conditions. Such studies may 
be readily carried out by the use of polarized light; the technique is simple and interpre- 
tation of changes, otherAAUse diflScult or impossible to recognize, is made possible. 
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TI'^NOSYNOVITIS OF THE EXTENSOR CARPI ULNARIS 
TENDON SHEATH » 

IIY DOUGLAS D. DICKSOX, M.D., OAKLAXD, CALIFORXIA, AXD 
CLAHU-XCK A. LUCKEY, M,D., STOCKTOX, CALIFORXIA 

Noii-supiDirafivo tenosynovitis of the tendon sheaths of the extensor pollicis brevis 
and abductor pollicis lonp;us is frequently obscn'cd. Familiarity with this clinical picture 
is due, in part at least, to the description of this entity b\' de Quer\'ain -■ Inflammatory'- 
reactions are also found in other tendon sheaths of the hand, but not so frequently as in 
the above location. In 1938, Milch and Green reported a scries of cases with calcification 
about the flexor carpi vilnaris tendon. Undoubtcdl3', numerous cases of tenosjoioA-itis go 
unrecognized because of the somewhat bizarre clinical picture the3'' prc.sent. 

As far as wo have been able to determine, tenos3'no\'itis of the extensor carpi ulnaris 
tendon sheath has not been recorded pre\'iousl3' in the literature. This condition produces 
a fairh' consistent clinical picture: The patient usuall3' has a twisting injur3' of the wrist, 
followed at a vary'ing interval of time b3- pain, deep in the wrist joint. Subsequent to the 
injurA*, swelling ma3' bo noted about the distal end of the ulna. The pain ma3' be aggravated 
b3' all wrist motions. Night pain may* or may' not be noted. Subjective sensory disturbances 
along the distribution of the dorsal cutaneous branch of the ulnar nerve may be present; 
they are described by the patient as "numbness” and "tingling”. It cannot be stated 
with certainty whether or not these sensations are caused by a referred pain mechanism or 
by the surrounding of the dorsal branch of the ulnar nerve with oedematous soft ti.s.sue. 

' Examination reveals tenderness along the course of the extensor carpi ulnaris tendon 
and swelling about the distal end of the ulna. Close examination reveals grating within 
the extensor carpi ulnaris sheath on motion of that tendon. Repeated ob.servations may be 
necessary- to ascertain this fact. Various motions of the wrist joint uill produce the pain; 
however, flexion and extension of the wrist, especially against resistance, as well as ulnar 
and radial deviation of the wrist against resistance, usually produce the pain; pronation 
and supination may also produce it. Localization of the pain, by the patient, deep in the 
wrist joint, should make the examiner check carefully for tenosynoA-itis of the e.xten.sor 
carpi ulnaris tendon sheath. 

Oedema of the surrounding subcutaneous tissue has been present in all the cases seen. 
The dorsal branch of the ulnar nerA'c is situated in the oedematous tissue, and may account 
for the ulnar-nerA'e symptoms of Avhich the patient complains. Section of the dor.'-al carpal 
ligament brings into A'iew the fibrous sheath surrounding the extensor carpi ulnaris tendon. 
Section of this fibrous sheath reA'oals the markedly- thickened synoA-ial ti.'jsue with many- 
small A’essels A'isible throughout. The greatest reaction is noted where the tendon passes 
through the channel on the dorsum of the ulna, as well as di.stally near its insertion, where 
it is also situated in a snug fibrous-tissue tunnel. Immediately- distal to the ulna, the fibrous 
sheath is quite thin to permit free Avrist motion. In this area the tenosy-noA-itis is minimal. 

The diagnosis of tenosynoA-itis of the extensor carpi ulnaris sheath has been made on 
seA'eral occasions; hoAvcA-er, in only- six cases has there been operation and the diagnoris 
proA’ed. 


CASE REPORTS 

Case 1. On September 3, 1943, V. K., a white woman, fiftj'-lwo years old, bumped her right n-rist while 
canying a table. Immediate pain in the wrist followed. .A plaster ca.st wa.s worn for fifteen weete without 
relief of pain. She tvas first seen by the authors on January 10, 194.5. .At that time she complained of pain in 
the region of the ulnar styloid process. The pain increased with wriit motion; night pain was present, .‘^wcll- 


* Read at the meeting of the American Society for Surgery of the Hand, Chicago, Illinois, January 23, 1948. 
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iiii;, iiirivn-^i'd locul lu-iit, and n “cliokinK" ahout tlin 
distal I'lid of tlio ulna wcm also prcsoiit. Till' truo tiaiuro 
of ihf disiurhanco was not n'roRiiizod jit (hal time, 

Shortly after our initial exaniination, the patient Ik*- 
pin eoinplainini; of pain and nutnhness on the dorsum of 
the rinc fiup'r and little fimrer. There was tiKo some pain 
and tenderness over the lateral epieondyle of the hu- 
tnenis, at that time. neurosurgeon, who saw the pa- 
tient in eonsnltation, made ti diaunosis of scalenus 
anterior syndrome. 

The patient continued to complain of .“cvere pain at 
the distal end of the ulna niton motion of the wrist, and 
of tmmhtte.ss on the dorsum of the rinjx fincer awl little 
finder, in spile of rest and local applications of heal. 
Theri'fon-. surRical evplonition was done on .Vpril 7, 
I9dC. Tluckeninp of the fihrous tissue over the extensor 
Ciirpi ulnaris tendoti was noted, topethcr with dislocation 
of this tendon, which produced a pull on the dorsal 
Itranch of the ulnar nerve. The tendon was stabilized, a 
portion of the dorsal carpal liRament heinc U.sed to main- 
tain the tendon in its normal sheath in its normal groove. 

Following this proceduri-, symptom.s wore relieved 
for two weeks; then the.v gnulually returned. The pain 
became quite severe, and did not respond to treatment. 

On June d, 1046, the anxt was ttgain explored. The 
fibrous sheath of the c.xtensor carih ulnaris tendon was 
opened widely. Considerable reaction was found in the 
synovial tissue, which had the appearance of granulation 
tissue. Immediate atid permanent relief of pain followed 
this procedure. Pathological study of the tissue revealed 
non-specific tenosynovitis. .After this second operative 
procedure, the patient was considerably relieved of sym 



Fig. 2 

Case 3. Photomicrograph of .synovial tis.sue 
after c.veision. Xotc the marked thickening of the 
tissue. 


Case 2. In 1944, E. I'., a thirty-year-old white male, was cranking a trailer. The crank Ren- oft and 
twisted his wrist. Pain in the right wrist and swelling around the distal end of the ulna followed. He com- 
plained of pain, radiating into the region of the fifth metacarpal. This pain persisted, in spite of immobiliza- 
tion by strapping, and was always aggravated by actixdty. Examination revealed swelling about the distal 
end of the ulna; pressure in this region produced paraesthesia on the dorsum of the ulnar side of the hand, 
which did not extend into the fingers. The patient had a good deal of pain with the forearm in pronation; and 
there was moderate grating in the tendon sheath of the extensor carpi ulnaris when the wrist was doxdated 
radialward and then ulnarward. 

In view of the severity of the pain in the region of the e.xtcnsor carpi ulnaris tendon, .-Jiirgical intervention 
was decided upon. Surgical incision on .April 15, 1946, revealed a rather marked thickening of the tendon 
sheath, together with a considerable amount of new blood-vessel formation, after the fibrous sheath had !>ecn 
opened. The fibrous sheath was not resutured. .After incision of the fibrous sheath of the extensor carpi 
ulnaris tendon and excision of the thickened synoxnal tissue, symptoms were completely relieved. 


C.xsE 3. J. S., a white male, aged fifty-six years, .stated that on February o, 1947, wliile hi* was piying a 
board through a tub of ink, he twisted his right wrist. Immediately, he eXTierionccd considerable pain in the 
wrist and swelling on the dorsum of the hand. The pain was quite severe and was aggravated by actirity. In 
addition, he complained of numbness on the dorsum of the ring and little fingers. He stated that immobiliza- 
tion of the wrist resulted in relief of pain. 

Physical examination revealed a mild amount of swelling on the dorsum of the hand toward the ulnar 
side. AATen the wrist was forced ulnanvard, there was pain in the region of the exten.sor carpi ulnari.- tendon. 
There was a moderate amount of tenderness around the ulnar styloid process, and over the tendon of the 
extensor carpi ulnaris, tvith pain in this region on fle.xnon and c.xtcn.rion of the tvrist again-iit n-st.^tanec. The 
patient complained of some pain on compression and on retraction of the wrist. .A plaster ca.st was applied for 
three weeks t\-ith relief of pain; this recurred, however, after the cast had been removed. 

On .April 17, 1947, the fibrous sheath of the extensor carpi ulnaris tendon was incised. Extensive thicken- 
ing and small blood-x-esscl proliferation of the synoxnal lining were encountered. The hypertroph!f>d tissue 
was excised. The fibrous sheath was not re-Sutured. There was immediate relief of symptoms following this 
procedure, with comp\e.tc relief in eight weeks. 
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Case 4. C. H., a white male, aged thirty-four j-'ears, stated that in January 1947, he twisted his riglit 
wrist while lifting a chain onto a hoist. Rather acute pain followed. The pain persisted and, three weeks fol- 
lowing his injury, strapping of the wrist was recommended by his doctor. The strapping produced some relief, 
but the symptoms returned after the straps had been removed. 

The patient was first seen by the authors in April 1947, at which time examination revealed definite 
swelling over the distal end of the ulna, and moderate tenderness along the course of the extensor carpi 
ulnaris tendon sheath. Definite grating was demonstrable in the extensor carpi ulnaris tendon sheath on 
radial and ulnar deviation of the wrist. He also complained of weakness of grip and of paraesthesia along the 
ulnar side of the dorsum of the ring finger on the right hand. 

Since immobilization did not relieve his symptoms, surgical exploration was done on April 24, 1947. 
The fibrous sheath of the extensor carpi ulnaris was incised. Extensive thickening of the synovial lining, 
together with a marked hemorrhagic injection of this tissue, was encountered. The reaction was most marked 
directly over the distal end of the ulna and distally near the insertion of the tendon. (At these two sites, the 
tendon passes through the smallest and the most confined portion of its channel.) The fibrous sheath was not 
resutured. Complete relief followed this procedure. 

Case 5. E. H., a white woman, aged twenty-three years, sustained a Colles’s fracture in 1945. Inter- 
mittently since then, she had had pain in the region of the left extensor carpi ulnaris tendon, associated with 
increased activity of the wrist. When the authors first observed her in May 1947, she was unable to continue 
with her work as a typist because of the severity of the pain. Examination revealed swelling and tenderness 
along the course of the extensor carpi ulnaris, and pain in this area on wrist motion, especially with radial and 
ulnar deviation of the wrist. 

A plaster cast was worn for three weeks with relief of pain; however, upon resumption of activity, the 
pain recurred. Therefore, the tendon sheath was incised surgically. A moderate amount of thickening and 
hyperaemia of the synovial tissue were noted. The fibrous sheath of the tendon was not closed. Immediate 
and permanent relief of symptoms z-esulted. 

Case 6. E. S., a white woman, aged twenty-five years, in 1944 was woi’king in a Naval Air Station as a 
mechanic’s helper, using a screw driver constantly. At this time she noted considerable pain in the region of 
the ulnar stjdoid process. A few weeks later she noted a cystic swelling on the dorsum of her wrist, just distal 
to the ulnar styloid process. A diagnosis of a ganglion was made, followed by surgical excision of the mass in 
1945. The mass recurred in 1946, and during the following year it gradually became larger and more painful, 
with considerable night pain and crepitation. 

Examination revealed a cystic type of swelling, about two centimeters in diameter, on the dorsum of the 
wrist, just distal to the stjdoid process along the coui'se of the extensor carpi ulnaris tendon. Extensive 
crepitation and marked tenderness along the course of the extensor carpi ulnaris tendon were demonstrated. 

On December 15, 1947, the bulbous mass was exposed surgically, and was found to consist of granulation 
tissue. The sheath about the extensor carpi ulnaris tendon was distended with granulation tissue. Pannus 
formation was noted about the tendon. Degeneration of a portion of the extensor carpi ulnaris tendon was 
characterized by a gelatinous type of necrosis. After a thorough debridement, the wound was closed. Bac- 
teriological studies failed to demonstrate any growth of organisms. Microscopic e.xamination of the material 
which had been removed showed granulation tissue. The patient made a prompt recovery with relief of all 
sjmiptoms. 


DISCUSSION 

Tire clinical pictuiu produced by tenosynovitis of the extensor carpi ulnai-is tendon 
sheath has been presented. In some instances the pain may be localized by the patient as 
deep in the Avrist joint and the true diagnosis of tenosynovitis of the extensor carpi ulnaris 
tendon sheath may be OA^erlooked. Undoubtedly, many of these cases haA^e been diagnosed 
incorrectly in the past. AYe feel certain that the diagnosis of injury to the triangular' liga- 
ment of the Avrist joint has been made in manj'- instances, Avhen the true nature Avas a 
tenosynovitis of the extensor car-pi ulnar-is tendon sheath. Residual pain following Collcs’s 
fr-actur-e. in some instances at least, is due to a tenosynovitis of the extensor carpi ulnar'is 
terrdon; if looked for, it may be found mor-e fi'equently than it has been in the past. 

Hemor-r'hagc, Avhich pr'obably takes place in the sheath at the time of injurj^ produces 
a non-specific inflammator-y r-eaction in the synovial tissue. The long and mar-kedly con- 
fitred fibrou.s .'^heath. fhrorrgh AA-hich the extensor car-pi rrlnaris tendon glide.s, undoirbtedl.v 
is a most important factor in pr-oditcing the feno.synoA-itis, and also in keeping the con- 
ditiorr actiA-c. 
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hiio most of tiic tliickcncd synovial tissue was removed in the greater number of our 
cases, merely opening the fibrous tunnel throughout its entire length would probably 
relieve symptoms. 
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DISCUSSION' 

Reflex Symp.athetic Dystrophy 
(Continued from -page S94) 

.ludoiich injected an aqueous solution of pitcher plant, observing that it influenced sensorj' fibers without 
affecting the motor fibers, and relieved neuralgic pain without causing changes in the skin sensation. 

Further investigation by Stewart, Judovich, Hughes, and Walti''^ on the phj-siologj- and chemistrj- of 
this problem, showed that the active principle of the solution of pitcher plant was identical in its action 
to that of a solution of ammonium sulphate. This pitcher-plant solution was finally brought to the medical 
profession in ampoules, under the trade names of “dolamin”, “sarapin”, and possibly others. VTe have 
found considerable satisfaction in the use of dolamin in paravertebral and paraneural injections for the relief 
of causalgia and neuralgia; it has a more prolonged effect than procaine, and seems to have a definite in- 
fluence on the favorable progrc.«s of these conditions. This has been particularly true in those cases of nerve 
injury or in neuralgia following the removal of intervertebral d'acs. 

1. B.vtes, W'illlvji, and Jcdovtch, B. D.: Intractable Pain. .Ynesthesiologv-, 3 : 663-672, 1942. 

2. Stew.vrt, tv. B.; Judovich, B. D.; Hughes, Joseph; and TV.alti, A.: The Effect of Ammonium Chlo- 
ride on Pain. Proc- .Vm. Physiol. Soc-, -Tm. J. Ph 3 ’siol., 129: P474, 1940. 

Db. Harold R. BohlilvX, B.vltlmore, TLvrtl-vnd: Dr. Toumev' has given us an excellent presen- 
tation. The occurrence, in our experience, has been greater in females than in males; fortunately, minor 
ca'es have been encountered much more frequentl 3 - than the more severe t 3 'pes of cases. The entire S 3 -ndrome, 
at times, borders on the field of ps 3 -chosoinatic medicine. Often, causalgia occurs with most severit 3 ' in those 
cases rvith marked neurocirculator 3 ' aesthenia. I think that Dr. Toume 3 '’s grouping of the terminologv' is a 
help in clas3if3nng the cases. 

TT'ith regard to causation, pressure is one of the most serious factors, whether it is e.xternal pressure due 
to dressings or casts, or internal pressure produced from swelling within. TVe have also been impressed with 
the frequent occurrence of this condition in patients treated b 3 ' diatherm 3 ', particularh' with the short- 
wave machine. The current, surging through the tissues, causes bums, with higher temperatures when it 
goes through the more dense tissues. The injured extremit 3 ' should be fixed properb" and the adjacent parts 
should be mobilized. Earh- activit 3 ' of the swollen extremit 3 - is essential. Treatment should be carh-, — first, 
Iw procaine injections, and then b 3 ' S 3 'mpathectom 3 ’, as Dr. Toume 3 ' has emphasized so clearh'. 

Dr. J.aues tv. Touxiet (closing) : I want to thank both discussers. I noted that both of them empha- 
sized the point that, when d 3 -stroph 3 - develops, it should be treated without dela 3 ', — that i=, the results of 
S 3 'mpathectom 3 - are better if the operation is done carh". I want to emphasize that again. 

In conclusion, I have no quarrel with the neurosurgeon’s use of the term ‘'cau-salgia”, a= a rc-Tilt of 
nerve injuries; but I do think that “reflex S3Tnp3thetic d 3 -stroph 3 -’’ is a good term for this large group of 
cases, cliaracterized b3- abnormal S3-mpathctic phenomena, which occur either with or without primarv- 
traumata. 
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Synovectomy of the knee joint has been in general use as a surgical procedure for 
nearly a quarter of a centuiy. Although first described bj'^ Mignon in 1900 , it did not gain 
recognition until 1923 , when Swett reported the results of, and indications for, S 3 movec- 
tomj'’ in cases of chronic infectious arthritis. While the end results of a series of forty pa- 
tients subjected to synovectomy at this institution cfuring the fast twenty 3'’ears were being 
reviewed, it was thought that an evaluation of the indications for operation and of the 
long-term end results might be of interest in estimating the value of this procedure. 

A number of pathological conditionsjnyolvi ng the synovial m embrane of the knee 
joint are benefited l^S3movectom3^ Those most frequentl3’’ encountered are; 

1 . Chronic infectious (atrophic) arthritis.'" 

2 . Traumatic arthritis. ' 

3 . Hypertrophic arthritis. 

4 . Osteochondromatosis. 

5 . Benign tumors. 

6 . Intermittent h3'-drarthrosis. 

7 . Villous arthritis. This diagnosis is used b3'^ the author to designate those cases 
in which no definite evidence of atrophic or h3'’pertrophic arthritis is noted, and a histoiy 
of trauma is vague or not present. Such a patient presents a swollen, tender knee, with 
a thickened synovial membrane which shows villous formation at operation. Roentgeno- 
graphic evidence of arthritis is not noted. Clinically, these patients have signs and symp- 
toms of arthritis, but the disease cannot be classified precisely as traumatic, atrophic, or 
h3rpertrophic arthritis. 

8 . Pigmented villonodular synovitis. As reported by Jaffe, Lichtenstein, and Sutro, 
in 1941 , this disease is not eas3''“of diagnosis before biopsy or arthrotom3'' of the knee 
has been done. Aspiration of serosanguineous fluid, followed b3^ repeated effusions, 
should make one suspicious of this entity. Details as to diagnosis may be found in the 
original article of Jaffe and his associates. S3'’novectom3'^ must be thorough, or the condi- 
tion ma3^ recui'. Roentgenotherap3'- is I'eported to be superior to synovectomv, and is 
probabb’’ the treatment of choice after the diagnosis has been established. 

Tuberc ulous s 3movitis, even without an3’- eAudence of bone involvement, does not 
respond favoi’ably to s3moA'^ectom3L Persistent-pain,- recurrent effusion, and some degree 
of fibrous ank3dosis are the usual sequelae following s3movectom3'’ for tuberculosis, with 
arthrodesis being resorted to in a large proportion of cases. 

B3" far the greatest number of the reports on S3movectom3’’ found in the literature arc 
concerned with the results of the operation in cases of chronic infectious and lyvpertrophic 
arthritis of either the mono-articular or potyarticular type. In his first communication, in 
1923 , Swett stated that “the operation ia most likety to succeed if it is done in tiic type 
of case or at the stage of the disease whore the damage is entireb’’ S3movial, the effusion 
I'.Yfen.sjrT, and fhe caj tiJage>s are not uleorafed”. A nearty directly oppD,site opinion wa.s 
enunciated In’ Speed, when he said that *‘s3’novectom3’ should be limited to tho.sc joints 
in which tiic .s3’noviaI membrane alone or in combination with the cartilages has been ir- 
reparablA’ damaged, and, after the active proce.ss has subsided, prolongs the disabilit3’. 

It is a (luostion more of mechanics than of removal of infection.” 

nos 
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^.Hoynuxii. prcsontiiiR an excellent (liseusMon of the anatomical considerations in- 
voK-ed, stated that the object of synovectomy was (a) to relieve pain, and (b) to restore 
the maximnm degree of function. He also strc.ssed the importance of the careful selection 
of eases. This point was likewise brought out by David, in commenting on the general 
constitutional condition of the patient, and by Magnusson, who thought tha t the mental 
attitudejif each individual patient was a prime factor in the consideration of sjTiovectomj'. 

In commenting on .synovectomy in cases of chronic arthritis, Allison and Coo nse 
state that the age. general physical condition, and hopeless inactivity of the patient are not 
contra-indications to operation. They believe that removal of both menisci in a complete 
synovectomy improves function and gives greater relief from pain. In cases of multiple 
proliferative arthritis, these writers and Bernstein agree that striking results are noted 
after synovectomy, with all of the involved joints less swollen and painful. Bernstein 
also concludes that synovectomy in patients with mono-articular osteo-arthritis, or 
atrophic arthritis without erosion of the articular cartilage, gives the best results, and that 
improvement in the knee continues with its use after operation. C arruthers is of the 
opinion that: “Synovectomy should be the treatment of choice in the majority of cases 
of chronic synovitis, chronic arthritis, and even in the far-advanced cases of chronic hj'per- 
trophic villous arthritis involving the average knee”. He stres.ses the fact that age is not a 
contra-indication to operation in these conditions. 

Painter, writing in 1932, presented a clear picture of the sxmovial changes that take 
place in chronic infectious arthritis. He believed that “the value of sxTiovectomy to the 
patient was the removal of that which had accumulated within the articulations as a 
result of cellular reaction to toxic invasion and, though at the time innocuous, ^^'as putting 
the joints at a mechanical disadvantage, too long a continuance of which might have 
resulted in permanent disability ”. This is essentially the same opinion that was elaborated 
previously by Speed, but it does not appear to be shared by many other men. 

In 1938. Swett stated that the consensus during the time since publication of his 
original paper pointed to the fact that “sj-novectomy may well be employed in a joint in 
which extensive induration and fibrosis of the capsule, enlargement of the s}Tio\-ial x-illi. 
and persistent increase of joint fluid are present”. In a subsequent communication, a x'ear 
later, his opinion was that the prope r selection of cases is based upon tlm nature of the 
predominant type of the local proce.«s. and upon the stage of that process. Those proce.sse5 
that are" primarily and predominantly s\'no\'ial in origin and extent are favorable. Those 
local inflammatorx' conditions that primarih' and predominantly involve the bone ends, the 
articular cartilage, the joint capsule, and the muscles are unfavorable. 

Pfeiffer a nd Bac h point out that sjmovectomy, combined with posterior capsuloplasty. 
gives the best results in cases of chronic rheumatoid arthritis where flexion contractures 
have developed. 

Krida, and Porter and Lonergan. in presenting reports of cases of intermittent hydrar- 
throsis, agree that sjTiovectomy is the treatment of choice in this condition. 

Traumatic arthritis of the knee and concomitant syno\nal changes respond more 
favorably than other tj^pes of disease to sjuiovectomy. This is the opinion of B oon-I tt 
and of Ghormley and Camerom and is borne out in the findings of the author’s group of 
cases. Ghormley and Cameron also state that sxTiovectomy is useful in synorial osteo- 
chondromatosis ancLin xanthoma, or other benign tumors. They believe it of le.=s value, 
although indicated, in some cases of chronic infectious arthritis: they likewise con.ridcr it 
applicable in chronic sjmoritis, but point out that the prognosis must be guarded. They 
do not think that routine removal of the meniscus is indicated, unless it is damaged or is 
causing damage to the articular cartilage of the joint. 

Expert >11 c ttfal Find ings 

Before attempting to correlate these reports on the t^TJes of diseases amenable to 
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synovectomy and their indentions, it may be well to review briefly the experimental work 
that has been done on this subject. Key, in 1925, did the fir st work on the reaction _pLtlie 
synovial membrane following synovectomy He found that, following hemisynovectomy 
in rabbits, the~s^ovial membrane is reformed in an approximately: normal fashion some 
sixty days after operation. Key states^J^The new synovial membrane is formed in situ 
by metaplasia of underljdng connective tissue cells and there is little or no tendency for 
surface growth from the edges to cover the denuded area. . . . The synovial cells are 
connective tissue cells slightly specialized by their location on a free connective tissue 
surface.” One point mentioned by Key which seemingly has escaped general notice is that, 
in about one qu arter of the joints he operated upon, one or more osteocartilaginous 
processes were formed on the femur postoperatively. These were not formed as spurs at 
the cartilage margins, but were usually well down on the side of the condyle, and were 
seen earliest in the section of a joint four days after operation. 

Wolcott , in performing synovectomy on dogs, found essentially the same gross and 
histological changes that Key reported. Efs kind, in 1941, in an extensive review of syno- 
vial regeneration following ‘synovectomy on dogs, stated that the outcome of this re- 
generation is a sjmovial membrane which shows only slight anatomical -differences from 
the original, 'wKileWhe subsynovial tissue presents a considerable degree of fibrosis and 
scarcity of blood vessels. He also noted that total synovectomy is followed b}’’ a protracted 
decrease of the absorptive power of the synovial tissue; this remains demonstrable for 
fifteen days, although decreasing in intensity. This may be the explanation for the occa- 
sional clinical case Avhich has persistent effusion after operation, although the greater 
part of the synovial membrane with ability to secrete has been removed. 

Hosford reports that an arthrogram, done on a patient six years after synovectomy 
for multiple synovial chondromata, revealed the synovial cavity to be of normal appear- 
ance, shape, and size, with a smooth and even outline. 

Indications 

With this experimental evidence at hand, Ave noAA' may attempt to correlate and 
evaluate the various opinions expressed as to the type of case and the indications for 
synovectomy. In general, aside from tubei'culous synovitis, the consensus is that the fol- 
loAAung conditions benefit from synoAmetomy in the order listed: (1) benign tumors of the 
synovial membrane, (2) osteochondromatosis, (3) traumatic synoAutis, (4) the mono- 
articular type of chronic atrophic arthritis, and (5) the mono-articular type of hyper- 
trophic arthritis. It must be assumed, of course, that the last tAvo diseases mentioned are 
in a quiescent state, and that the usual conservative therapy has been emplo.ycd Avithout 
beneficial result. 

As regards the indications for synoA^ectomy, it is of interest to review the theoretical 
considerations enumerated by Saa'cH in his original article, and to determine hoAV they 
have been borne out since that time. They are summarized as folloAA's: 

1. That manual removal of the inflammatory exudate might promote resumption of 
joint function. 

2. That the organized synovial exudate contained micro-organisms Avhich Avere 
capable of continuing the activity of the process Avithin the joint. 

3. That the arthritides shoAv fairh’’ constant suboxidation processes, and that per- 
sistence of this abnormal metabolic state apparently prolongs the arthiltis. Manual re- 
moval of the diseased synovial tissue may hasten restoration of function. 

In a consideration of the indications for synovectomy, it is difficult to make one 
statement Avhich will express the opinion of the majoritA' of authors quoted. DiATrgence oi 
opinion is proof ver xc that the indications for sj’novectomy are not clear-cut. When all 
the A-ariablcs are taken into con.^ideration, it becomes apparent that pain is probably the 
paramount indication, regardless of the etiology of the disease process. Effusion and lo-s 
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TABLi: I 


Pn-opi'nitivo DinciiO'is 


Xumbor of Cases 


Vtlloii'- arllinti' 20 

11% pcrtroiiliir artliriti- .5 

Atrophic artliriti- 5 

Traumatic artliriti- 4 

Tuhcrciilo-i- 2 

O-tcocliniulmmato-i- 2 

Xaiitlioiiia 1 

S\ no\'ionia . 1 


Total 


40 


of motion may be well tolerated, but pain necessitate? relief by some means. Syno%’ectomy 
offers the patient, the best chance of relief from pain in the knee, due to any one of the 
causes mentioned previously. 

Heport of Cases 

In this series of forty patients operated upon from 1927 to 1947, eight had bilateral 
synovectomy. 'Without exception, all of those patients requested that the second operation 
be done because of the relief obtained from the first sjTiovectomy. Twentj’-two females 
and eighteen males comprise the group, with ages ranging from ten to over sixty years; the 
greatest number fall in the fourth decade. Nineteen patients gave a historj* of trauma. 
Sixteen patients had had symptoms for over five years; pain, swelling, and stiffness of the 
knee were present in 55 per cent, of the entire group. Of the total number of patients 
operated upon, onh' three did not complain of pain in the knee. A noi-mal range of mo- 
tion before operation was noted in eleven cases. The preoperative diagnosis and the 
number of cases are shown in Table I. 

Conser\-ative therapj', including rest, %veight reduction, immobilization in plaster, 
physiotherapj', and other usual measures, had been used in t%%enty-four of the patients 
%\'ithout any lasting success. 

■ OPERATION' 

The operative technique of sj'novectomy was essentialh’ the same in all cases. A 
tourniquet was used in each case. With the exception of the first few cases, in ivhich a 
split patellar incision %% as used, the knee joint was approached through a medial parapatel- 
lar incision. After the joint capsule had been opened, a thorough inspection of the joint 
was made. The entire s 3 Tio%'ial membrane, with the exception of that portion lining the 
posterior compartment of the knee joint, was removed in all cases. Osteocartilaginous spurs 
at the articular margins of the femur and tibia %\'ere remo%'ed %% hen their size or position \\ as 
such that thej' pro%'ided a focus of irritation or interfered v-ith joint function. Spur forma- 
tion of the patella %vas treated accordingh', and degenerated cartilage of it« articular 
surface was trimmed out. Patellectoraj' has been done in onh' two of the mo«t recent 
cases, %%'hcre gross degeneration of the articular surface of the patella %va« noted. Sufficient 
time has not elapsed to permit ex'aluation of the efficacx' of this procedure; but in the 
short period of follow-up, no untoivard effect has been observ'ed. The menisci were re- 
moved onlj' %vhen gi-oss pathological changes were demonstrable. AIeniscectom\' ha- not 
alteied the postoperative course in anx' discemable manner. 

Postoperative Course 

The postoperative care did not differ from that described b\' other author-. In gen- 
eial, the patients %\ere allowed to be up on crutches in ten to fourteen day-, with gradual 
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R^eight-bearing at the end of three weeks. The postoperative course was governed by the 
patient’s response, as evidenced by the appearance of joint effusion, pain, or reduction 
of motion. 

No complications were encountered in this series. Fifteen patients had manipulations, 
at periods vaiying from three weeks to three months, when decreased motion indicated 
the presence of adhesions. It ought to be stressed that manipulation must be gentle, and 
that restoration of a full range of motion is not desirable if force must be used. Three pa- 
tients were subjected to arthrodesis, two because of tuberculosis, and one because of per- 
sistent pain, swelling, and loss of motion. 

Pathological Diagnosis 

Microscopic examinations Avere done on thirty-nine specirnens removed at operation. 
Thirty-four were reported as chronic sjmovitis, tAvo as tuberculosis, one as -xanthoma, and 
tAvo as s3moA''ioma. 



End Results 


The end results of s 3 '-noA^ectomy AA'ere classified as “excellent”, “good”, or “fair”. The 
result A\-as considered excellent A\Iien no pain, SAATlling, or stiffness AA’as present, and a range 
of motion of full extension and 90 degrees or more of flexion AA’as possible. Occasional pain 
and SAA’clling. Avith no reduction of the range of motion present before operation, consti- 
tuted a good result. A fair result AA’as considered to be that in AA’hich pain and occasional 
SAA’clling AA’cre noted Avithout reduction in motion, but the patient stated that the operation 
AA’as beneficial. 

A graphic representation of the end results (Chart I) shoAvs clearbv that the immediate 
results are misleading. One ma 3 ^ expect, ImAA’CA'^er, that the eA^entual result AA’ill be satis- 
factor 3 ’ in a sufficient number of cases to make the procedure AA’orth AA’hile. Three patients 
had arthrodeses, as stated previousfv. Eight patients could not be traced for more than one 
to three months after operation. It is a logical assumption that the majority of these pa- 
tients had successful results, or the3’' Avould liaA’c returned to their priA’ate ph3’sicians for 


further therapA’. 

^I'he range of motion is depicted in Chart II. This represents the average degree of 
flexion and extension. It is of interest that no significant decrease in motion occurs until 
fiA'e A’ears after operation, and then onh' in extension. 

Approximateh’ one (juarter of the total number of patients operated upon liaA’c been 
folloAAcd for five to eighteen A-eam after operation. E\’en though theA' all e.xperienee some 
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(lofirc'c of pain, intermittent awellinp:. and impairment of motion to a variable degree, 
they all state that the operation was of decided benefit. Relief from pain was stated to be 
the most common benefit of synovectomy. 

DISCUSSION 

So many variable factois are encountered that it is extremely difficult to anive at 
a precise and critical evaluation of the indications for synovectomy, or of the end re.sults. 
^ Pain, an entirely subjective phenomenon, is what usually brings the patient to the phj-si- 
cian, and relief from jiain is the criterion most commonly accepted by the patient as the 
expression of the success of the operation. 

Speaking in general terms, of necessity, we believe that synovectomy is justified 
under the following conditions: 

1. A patient jiresents a painful, swollen knee, resulting from any one of the causes 
listed previously, on which conservative measures have been tried for an adequate period 
(three to six months) without avail. Tubcrculo.ris is a contra-indication to sruiovectomy. 

2. The general physical condition of the patient before operation must be as good as 
pos.riblc. .\ge is not an important factor. 

3. Intelligent cooperation of the patient as regards po.stoperative care must have 
been assured before synovectomy is done. 

It was noted during the examination of these patients postoperatively that, as sjunp- 
toms of pain.and swelling appeared, so also did crepitation, synordal thickening, and roent- 
genographic evidence of spur formation. These findings are in direct proportion to the 
symptoraatologx’ in most cases, but never are so prominent as prior to operation. 

Seemingly this is presumptive support of what Key noted experimentally, especially 
the new spur formation. Evidently the connective-tissue cells, after undergoing metaplasia 
/ and forming sjmovial tissue, are subject to the same insults and respond in the same raan- 
' ner as the original sjmovial membrane, but to a lesser degree. Ghomley and Cameron 
cite one case in which a second operation was done. Sjmordal thickening and other changes 
similar to those seen at the first synovectomy were noted. It is reasonable to suppose that 
the osteocartilaginous proliferative changes found by Key take place in a certain number 
of patients after synovectomy. This, coupled with the finding of Ghormley and Cameron, 
appears to be a logical explanation for the failures or poor results that are seen, even when 
comparably, cases have excellent results. 

The end results of sjuiovectomy, in terms of relief from pain and increa.^e of function, 
are universall 3 ' good in cases of traumatic arthritis, chondromatosis, and benign tumors 
of the knee joint. An average of 60 per cent, improvement in cases of the mono-articular 
tj-pe is obtained in chronic proliferative arthritis and hjpertrophic arthritis. Patients 
with the poh'articular tj’pe of rheumatoid or hrpertrophic arthritis can be expected to 
have the poorest results. 

IThen sjmovectomj" is done for benign tumors or for osteochondromatosis, there is 
eveiy reason to expect that the regenerated srmor-ial membrane will present a nonnal 
anatomical and histological appearance. When the same operation is done for some other 
cause, as for chronic sj-nordtis, one maj' expect the sr'nordal response to be in proportion 
to the degree that the predisposing pathological process is still present. This response will 
be slower in appearance, and of less intensitj', but is a definite certaintj'. 

The end results depend upon two main factors, first, cooperation of the patient in 
restoration of function to the knee after operation, and. second, the pathological process 
which necessitated srmovectomj-. Regardless of etiologj' (excluding tuberculosis), one may 
expect 75 to So per cent, of satisfactorj- results one \-ear after operation, provided that 
cooperation has been secured. Another 10 to 20 per cent, of patients will probabh- be 
benefited b\' the operation, but one cannot term the result completeh' satisfactory. Poor 
results maj' be expected in 5 per cent. 
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As the number of years following synovectomy increase, it is our experience that the 
number of excellent results decrease. However, a satisfactoiy end result may be predicted 
in 60 to 70 per cent, of cases, provided the original etiological agent remains static or 
decreases. 

In reviewing Swett’s theoretical considerations at the present time, one may state 
that the first and third conclusions probably are correct in general. No definite evidence 
has been presented which substantiates the premise that organized synovial exudate 
contains micro-organisms which are capable of continuing the activity of the process in 
the joint. Manual removal of the diseased synovial tissue does alter the s 5 '-mptomatology, 
but docs not prevent a return of the condition at some later date. 


Note: Tlio author wishes to express Iris appreeiation to Dr. M. Harbin, Di’. C. Heyman, and Dr. J. 
Murpli}^ for their advice in tlic preparation of this article. 
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ESTROGENS AND BONE FORMATION IN THE HUMAN FE-MALE*t 


IIY MAHY S. SHKUMAX, M.D.. CHICAGO. ILLIXOIS 


Frni!) Ilr Drpnrlinriif of Siirf/ir;/, DiriKinit of Orlhopnedic Surgery, I'niiersily of Chicago 

In 102li. Riddle and Reinhiirt fir.-;! objcrvcd that the blood-calcium values of female 
pisieons fluctuate widely. They showed that a rise in these values begins before o^■ulation 
and reaches a peak, as much as four times the normal level, some fifteen hours before the 
ega reaches the shell gland. During the succeeding three or four daj’s. the blood calcium 
falls to normal and remains there until the next ovulatory cycle is to begin. Later, this 
same pattern was found in hens by Hughes. Titus, and Smits, and it has since been noted 
in several other species of birds '■ -- 

These observations led to an attempt to explain how the organism can tolerate such 
extreme variations in blood-calcium content, and why the phosphorus level remains 
unchanged. In 1933. Benjamin and Hess provided the answer by proidng that the hj-per- 
calcacmia is due entirely to an increase in the non-filtrable, non-ionized, protein-bound 
fractions, while the ionized fraction remains unchanged. Thus the bird is provided with 
an “extra-metabolic” method for handling rapidly the large amounts of calcium necessarx^ 
for egg-laying. .V similar mechanism has been obserx-ed in the cod, the puffer and the 
toad Xenopus, all of which lay eggs without shells but with a high calcium content 
In vix'iparons fish, howex'er. seium-calcium x-alues are identical in the male and female 
and do not x-ary. In mammals, no such x-ariations in blood chemistrx- hax'e been found. 

The xvorkers of several laboratories hax-e since confinned these obseiwations. and 
have shown that the same effects can be produced in both male and female birds by the 
injection of estrogenic compounds That the production of hypercalcaemia 

is not a function of the parathyroid glands has been shown by Ax-erx'. Scott, and Conrad, 
xvho were unable to produce significant rises in the senim calcium of hens, pullets, or 
cockerels by the injection of parathxToid hormone and by Riddle, Rauch, and Smith, 
who produced the characteristic effects with estrogens injected into parathxToidectomized 
pigeons. The senim-calcium rise in response to estrogens will also take place in eastrate. 
hypophysectoraized, and thyroidectomized animals 

In 1934. Kyes and Potter obserx-ed that hx'perossification in the marrow caxdties of 
the bones of female pigeons occurs before oxuilation and recedes after it. ^^^^en it was 
realized that the changes of blood calcium, the intramedullarx' ossification, and the repro- 
ductix'e cycle were coivelated in the bird, manx' experiments on the relationship of estro- 
gens to bone formation followed. It was shown that ossification within the marrow caxdtie.s 
of pigeons ducks and the domestic sparrow can be produced by the injection 

of natural or synthetic estrogens. These changes can be obtained in males as well as in 
females, and they all subside with the xvithdrawal of the estrogen. They are accompanied 
by the usual rise in blood-serum calcium and also bx' a rise in serum cholesterol and lipids. 

Similar, but much less spectacular, changes can be induced in the bones of sex'eral 
small mammals, ex'en though they exhibit no changes in blood-calcium lex'els. Workers are 
generally in agreement that an increase of bone can always be produced in the bone.s of 
rats and mice by the injection of sufficient estrogen, that this bone is absorbed without 
leaving any trace xvhen the estrogen is withdraxxm, and that the amount of change de- 
creases with increasing age of the animal *'• The bone changes can 

* Read at the .Annual Meeting of The .American Orthopaedic .Association, Quel)ec, Canada, .Tune 4, 194S. 

t This work w.as aided by grants from the Douglas Smith Foundation and the Otlio S. -A. Sprasnie 
Memorial Institute. 


VOI.. 30-\. XO. 4. OCTOBER I!US 


fJl X 



M. S. SHEKMAN 


be obtained in the absence of hy- 
pophysis and parathyroids, and also 
in animals on a diet deficient in 
vitamin D 

These observations on experi- 
mental animals naturallj’- raised the 
question as to whether such an effect 
could be utilized clinically. The obvi- 
ous difficulties involved in definitive 
evaluation of human material have 
limited the contributions in this field 
to a few careful metabolic studies and 
sundiy miscellaneous observations. 

It has long been known that 
estrogens are in some fashion con- 
cerned with the rate of growth and 
maturation of the skeleton of the 
human female. T wo groups of workers 
have repoi’ted on the sjuidrome which 
occui’s in patients with primaiy ova- 
rian insufficienc.y *■ In these pa- 
tients, growth of the bones is altered 
so that adult statui’e is decreased. 
Furthermoi’e, the bone age is retarded 
and the epiphyseal plates close late. 

Although Johnston claims to have produced a decrease in calcium retention bj'’ the 
administration of estrogens to adolescent girls, his results are at variance with those of 
other workers in the field. Albright and his associates studied postmenopausal osteo- 
porosis as a hormonal deficiency, and found that they could produce and maintain cal- 
cium retention in the human being by the injection of estrogens. In subsequent careful 
and detailed studies, the same group confirmed and extended their earlier observations 
These metabolic effects were accompanied by a satisfactoiy improvement in s.ymptoms. 
The interpi'etation offered by Albright is that osteoporosis is a disorder in which the 
etiological factor is a hypofunction of the osteoblasts in producing bone matrix. In some 
fashion, not yet clearly understood, estrogens are assumed to stimulate the osteoblasts, 
so that the pi-ocess of ossification can proceed noimall.y. These workers admit, however, 
that irrefutable evidence that the bones have actually become more dense has never been 
obtained hy them or by others. It is the purpose of this paper to present such a case. 

M. T., a white hou.sewife, was born in Belgium, but had lived in Illinois .since the ago of twelve. The onlj' 
significant part of her past hi.story I'elated to her prcgnancie.s. The first of these, when .she wa.s thirty-four, 
wa.s uneventful. There followed two miscarriagc.s and another succe.ssful deliveiy. She tlien had a third 
miscai'iiage. When she wa.s thirty-.seven, her .sixth pregnanc\' j-csulted in a .stillbirth and, fo)' j'ca‘!on.s which 
cannot bo ascertained, she was subjected to a panhy.stcrcctomy. 

The patient wa.s then perfectly well until .she was fift\--four years old. At that time, bowing of the right 
tibia began. Six months later, in June 1942, the patient fell (while jumping i-opo!) and injured her left knee. 
Koentgenogram.s revealed no fracture, but led to the diagnosis of Paget's disease. She had no great difficulty 
for a while except that her teeth, which had pimdously been good, “seemed to melt away” and were all 
extracted. Roentgenograms made befoi-e the extraction showed a wcll-pre.ser\'ed lamina dura (ah'eolar bone), 
a finding which Albright believes to exclude liyperparatlnToidism. 

In September 1042. the patient fell from a chair and injured her left leg. After being in bed for a few 
days, she got up on crutches. Two week.s later, .she fell and su.stained a fracture of the lower portion of 
the right femur. .After this .she w.as bedridden, both bccau.se of the fracture which did not heal, and because 
of bone pain which became progressively more .severe. During this period, .she had dizzy spells which gradu- 
ally disap[)eared. Sh(‘ al-o began to lo-e her hearing. 



Fig. 1-A 

Roentgenogram of the skull, six months after onset of 
initial sjmiptoms. There is generalized osteoporosis, fuzzj' 
thickening, and irregular areas of increased density. The 
appearance is that of Paget’s disease. 


Tin; jorn.vAL or no.vi: a.vd joi.vt .si;ik:i,I£V 




l>TUOKr.NS AND UOX!'. FORM \T10X IN THi: FEMALE 


91/ 



Fig. 1-B 


Roontgonogram of pcKns and upper portions of femora, taken at the same time, shows marked rare- 
faction of all bones, and irregular traboculation and thickening of the peKds and right femur The left 
femur shows only reduced density. The cartilage space of the hips is of normal iridth. 

Si\ months after the first injuiy tin .fanuary 1943), the patient entered a hospital . roentgenograms were 
taken and revealed changes in many bones (Figs. l-.\ and 1-B). The skull showed marked thickening and 
fuzzines.s wnth many areas of increased and of decreased density. The peUds, both femora, and the right 
tibia had a similar appearance. The right humerus appeared thickened and boivcd. m'th prominent trahecu- 
lation. .\11 involved bones were markedly osteoporotic, a finding which was emphasized by the contrasting 
density of the other bones. There was no e\'idence of any disorder of the joints. 

Routine blood and urine examinations were normal. Two determination-= of serum calcium were made: 



Fig. 2 

Note deformity of right arm and extreme bowing of both thighs. The skull appears normal 


VOI. 30.x. XO 4. OeWOBEB ISIS 



M. S. SHERMAN 



Fig. 3 

Uooiitgenogram, three years after onset of symptoni.s, shows increased osteoporosis with 
collapse of tiie third, fourth, and fifth Uunlinr vertebrae. The laminae and spine of the first 
.sacral vertebra have letained their density. 


one was iceouled as 13.4 milligrams per 100 cubic centimeters, and the other as 12 milligrams. The single 
determination of serum phosphoius was 6.2 milligrams per 100 cubic centimetens. A diagnosis of hyper- 
lade and an operation was performed. The thyioid was described as small and normal 


in appearance. Four normal-appealing parathyioids were found, and one was removed from aieh .side. 


paiathyroidism was imi 

in appearance. Four n ^ . . , , t i i 

Following the operation, the patient ’.s .serum calcium ranged between 0.2 and 0.8 and her pho.sjiliorus Pc- 

tween 3.2 and 4.8 milligiams per 100 cubic centimeters. There was no improvement in symptomatology, and 
the roentgenogiaphic changes continued to progre.ss. 

From the dc-ciiption of the histological pieparations, it is difficult to undeistand why the diagnosis 
of paiathyioid achmoina vas made. Unfoitunately, neitlier .sections nor gro.ss material are available for 

le-evahiation. ... , • 

I"or a few month- the jiatient had rather indiffeient therapy with small amounts of vitamins and min- 

ei.al-: -he wa- finally di-charged in the eighteenth month of her disea-e. 

i'or th(‘ next two year.-', -he remained at home, bedridden and growing gradually worse. She sustained 
immeroii- fractuii'- with a minimal amount of trauma. The bone pain, wiiicli at first was pre-ent only with 
acti\-it V. Iiccamo more -evere. -o that -he could not be touclied. Finally, severe ciamps and muscle twitching- 
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In .l;in\i:iry HUCi, tlirci- ami imi.'-li:ilf years after tlie initial injury, tiie patient was first admitted 
In tlie I'niveisity nf Clueap' Clinic.-. 

Tl\c patient \va- a weil-nnurisiu'd wiiite female of fifty-eijilit years, who had multiple gros.s deformities. 
Mn-t noticealde were the thickened and howtsl ripht humerus, the shortened .spine, and the extreme bowing 
nf hnih thigh- (I'ig. 2l. The sktill was neither large, nor irregular. The patient did not appear ill. but lay 
pi'vfectly fiat in bisl; the slightest attempt at motion, either active or piis.sive, caused her to ery out rrith pain. 
.Ml bones were e\tren\ely teniler. (Ithenvise. the findings were normal for a woman of her ago. except for a 
mnder:it<‘ly advanced senile dementia. 

Her )v.\in was so severe tliat anaesthi-sia was necessary ftefore roentgenograms could be taken. .\t that 
time it was nnteil that, when the right foot was elevateil. the entire right lower extremity hung between the 
font and the pelvis hk<' a jiiece of rubber ho-e. and that the extremity could easily be twi.stcd in any direction. 
The roentgenograms revealed spectacular changes in many bones. The skull and right humeru.s still exhibiterl 
the thickening, irregular density, and trabeculation so typical of Paget's di.soa.=e. There was extreme osteo- 
poro-is nf the pelvis and himbar spine with collapse of the latter (Fig. 3). The same osteoporosis was present 
to an even greater ilcgriH) in the femora, both of which showed multiple unhealed fractures (Fig. 4-Ai. The 
left leg wa.s relatively normal, hut in the right the tibia was almost invisible, while the patella, fibula, and foot 
were (piite den-e iFig. .V.M. Other bones showed no more change than would be expected after three and 
one-half years in In-d. 

Of the many preliminaiy studies which were done, none showed significantly abnormal finding.?. These 
included seveml t('sts of liver and kidney function, glucose tolerance, pH of urine, skin-temperature readings, ct 
cetera. The basal metabolic rate was plus .50, but. since the patient was nervous and uncooperative, this read- 
ing. altliough rept'ated several times, may be riuestioned. There were no signs or.symptoms suggestiveof h>-per- 
thyroidism. 

Hei)resentative values for blood chemistry are given below. These values remained relatively coastant 
throughout the patient’s ho.-pital stay, exeept for those which will bo mentioned specifically. 


Ctilcium 
Phosphorus 
Fodium . . . 

Potassium 
Chloride 
C'arbon dioxide 
Total protein . . 

.Von-protein nitrogen . . 

T.ipids 

Cholesterolr Total. . 
Free. 

Scrum pH . 

.•Hkaline phosphata.«c . . . 


'.1.05 to 11.8(5 milligrams per 100 cubic centimeters 
2.80 to 3.75 milligrams per 100 cubic rentimeters 
130.6 to 145.7 milli-cquivalents per liter 

2.00 to 4,76 milli-cquivalent.s per liter 
100.8 to 103.5 milli-cquivalents per liter 

26.3 to 27.2 millimoles per liter 

5.0 to 7.5 grams per I(X) cubic centimeters with normal 

albumin-globulin ratio 

20 to 40 milligrams per 100 cubic centimeters 
843 milligrams per 100 cubic centimeters 
198 milligrams per 100 cubic centimeters 
150 milligrams per 100 cubic centimeters 
7.5 

75 to 85 King-.Crra.strong units 


During this preliminarx' period, the average daily excretion of calcium in the urine was 4S milligram.=. 
The significance of this and of sub-equent determination.? wiU be dLscas.sed later. 

With the use of local anaesthesia, pieces of the skull, one rib, and the right tibia were removed for micro- 
.-copic e.xamination. There was so little bone in the right leg that the needle penetrated the cortex. The bone 
was identifiable, but was so soft that it could be compressed by the slightest digital pres.=ure. The specimen 
was scooped out with the handle of a knife. The rib and the skull were soft, but not to the same degree as 
the tibia. 

Microscopic section (Fig. 6-.A.) shows the atrophic bone of the skull. .A.Ithough there arc too few remain- 
ing trabeculae to permit a definite diagno.sis, the irregular cement fines and the suggestion of a mosaic pat- 
tern arc compatible rrith the picture of Paget’s disease. Osteoblasts and osteoclasts are both present in the 
usual numbers. Osteoid tissue can be identified in many places, but it is nowhere abnormal in quantity. 
The marrow is primarily fatty with small islands of hematopoietic tissue. In many places, especially near 
bone trabeculae, the marrow is oedcmatoa«. but it never shows the fibrou-s-tbsue replacement and colIectioa« 
of giant osteoclasts so t\-pical of hyperparathj-roidism. 

The section of the tibia IFig. ~-A) shows much more spectacular lo=s of bone substance. This .section 
represents the entire thickness of the cortex and periosteum. .\s in the skull, there is no lack of osteoblast,- 
or osteocla.sts; and the marrow, except for some oedema, is unremarkable. Sections from the rib showerf 
atrophic bone with active hematopoietic marrow. 


Of the diagnoses which had been entertained at first, two were now con.sidered to 
be eliminated. The normal blood calcium and phosphorus, the presence of a low urine 
calciiim. the lack of rcspon.se to parathyroidectomy, and the ab.-ence of characten.-tic 
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lindiups niado tiu' oxistcnce of either hyperparathyroidism or osteomalacia 
most improbable. 

The history of slowly projjressive bowin};; of the lower extremities followed by patho- 
lonical fractures, the roenttienoiiraphie appearance of the skull and humerus, and the 
licrsistently elevated alkaline phosphatase were all eompatible nith the diagnosis of 
Paget’s di^ea^e. However, it was difficult to explain the extreme bone atrophy on this 
basis alone. 

.Vlbright and his associates have pointed out that the so-called “idiopathic osteo- 
porosis" oceui-s almost exclusively in women of menopausal age. It is seen also in younger 
women who have had an artificially induced menopause. In all cases it involves primarily 
the pelvis and spine, to a much smaller degree the long bones, and the skull least of all 

1, .IS 

The patient described here had had a surgical menopause seventeen j-ears before her 
bone disease became disabling. Many of the symptoms and findings, although much more 
exten.dve than those of recorded cases, were similar to those of Albright’s patients. The 
diagnosis of postmenopausal osteoporosis could not explain the markedly elevated phos- 
phatase level, however, or the rocntgenographic appearance of the skull. Moreover, it is 
hard to conceive of a generalized process which would spare one tibia while the other 
practically disappeared, without the fibula being involved, and affect the lumbar spine 
and pelvis so severely, while the rest of the trunk remained relatively normal. On the 
other hand, the microscopic preparations could not truthfully be said to show anj-thing 
but extreme atrophy. 

Taking all these facts into consideration, we concluded that the spectacular picture 
presented by this patient could best be interpreted as a severe postmenopausal osteo- 
poro.sis. superimposed upon a pre\'iously existing widespread Paget’s disease. The pe- 



Fig. H-a. 

Photomicrograph (X 50) of lionc of the skull Ijcforc any therapy wa.= given. Trahecutae are too 
atrophic and scarce to permit a definite diagnosis, but there arc prominent cement line:- and a ^ugci — 
tion of mosaic pattern. Osteoid tissue is present in small amounts. Both osteoblasts and rrieocla'i- 
appear in the usual numbers. The marrow is slightly oedematous, but otherwi-c- normal 
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Fig 6-B 


Bone of same aiea of skull (X 52) aftei estiogen thciapy. Theic is an obvious inciease in the num- 
ber and thickness of tiabeculae, ivith many active osteoblasts and osteoclasts The fibious maiiov 
at the light is the lesult of pievious opeiative inteifeience Note laige blood spaces 
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Fig. 6-C 

Silvi ‘1 •'tain of bom- of '•kull (X 50), ‘-bowing that much of (he new ti'-sue is not yet calcifiecl. I he 
'ti Old lionh 1 " are much wider tlian nornvil (Patient hail had estrogens, l)Ht no ealeium oi vitamin F ) 

Till jorrivAu OI novi and joivr si rir.i m 






r.sTuor.r.Ns and honk FouMvnoN in thk fkmale 


923 



Fig. 7 -.\ 

Photomicrograph (X 113) reprcFcnt.s the entire tibial cortex before therapy. .A.^ in the 'kull, 
there are active bone-forming and bone-de?troying cell.« uith a relatively normal marrow. The 
picture i« that of extreme atrophy. 


culiar distribution of the lesions could also be explained by this combination of disorders. 
The degree of bone atrophy from any cause is proportional to the available blood supplx'. 
Thus, when necrosis of bone has occurred and there is no circulation, atrophy cannot 
proceed at all, and the dead bone retains its original density. On the other hand, when a 
limb is immobilized so that atrophy of disuse is established, the greate.^t degree of osteo- 
porosis is seen in the metaphysis, where there is the largest blood supply Paget’s disease 
of bone is accompanied by an increased circulation, which often is sufficient to rai.=e the 
temperature of the overlying skin. Thus it is conceivable that the ordinary process of 
postmenopausal atrophy, when it evolves in a bone which is already the site of an active 
Paget’s disease, is greatly augmented both in rapidity and in degree. 

With this diagnosis, it wa.s decided to treat the patient with ma.=-ive do«es of estrogenic hormone. During 
thi.s period and for three months preceding it. she wa.s given the regular hou=s diet with no added calcium 
or vitamin D. She had a total of 610,000 rat units (101.3 milligram-) of estradiol benroate in twenty-eight 
days. Within the first three days, marked .subjective improvement began. The bone pain diminr^hed; the 
patient began to be active; and her general attitude, from one of extreme apathy, began to be more normal. 
Within a week, she could be moved without discomfort, and the spontaneous bone pain had dr-app'-ared. 
At the end of a month, she was able to sit in a chair and manage her meaL= by herself. Her limbs no longer 
felt soft, and there was palpable callus about many of the fracture*. Roentgenograms takf-n at thL* tim^ 
showed surprising changes. The right tibia wa.= now clearly outlined, and there were definite tral)'-culae 
throughout its length (Fig. 5-B). Both femora were inerea=ed in denrity. and aljout the manr- fracturc- 
thcre was exuberant, fairly dense callu.s (Fig. 4-B). Similar increa.'ed denrity wa* eiddent in the p^K-i-. but 
the rest of the bones appeared unchanged. 

Biopsy studies were repeated with material from the same area- which had ber-n evimincfl iK-fore. On 
this occasion, the hone of the tibia was found to be sufficiently den-e and rf-ri-tant «o that an o-tf-ot'ime wa- 
neccssaiy to cut it. 
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Fig. 7-B 

Same area of the tibia after estrogen therapy (X 100). Tliero is a large amount of new bone 
of somewhat ii-i-egular pattern. As in the other sections, large blood spaces are prominent. 


The bone taken from the tibia (Fig. 7-B) shows the generaliiiccl increase in number and thickness of 
the bone trabeculae. Many surfaces are completelj' covered by osteoblasts, while others have numerous 
osteoclasts. The chief change in the marrow is the presence of many very large blood spaces, a finding which 
has been noted in some experimental animals The same changes can bo seen in bone from the skull (Fig. 
6-B). A silver stain shows that not all of the new lamellae arc calcified (Fig. 6-C). The osteoid seams, pi'csent 
about many ti'abeculae, are definitcl}' wider than those normally seen. That these changes occuried also 
in normal-appearing bones is demonstrated by Figure 8. This section, taken from a rib, shows a large plaque 
of immature new bone on each side of an atrophic trabecula. The active hematopoietic marrow is normal. 

It was, unfoi-tiinatel.y, not pos.sible to studj^ this patient’s calcium metabolism with 
any accuracy. She was not onl.y incontinent of both mine and feces, but she had sufficient 
cerebral deterioration so that adequate management of a catheter was impossible. How- 
ever, an attempt was made to get an approximate estimate of her urine-calcium excretion. 
Since the collections were never complete, all twenty-four-hour values which could be 
obtained for each period were averaged. Inaccurate though they are, these averages are 
worth recording. 

Tniti.nllv. before the p.'itient wns given any medication and while she wa.s on the regular house diet, 
twentv-one collections were made. The average volume of urine was 814 cubic centimeters, and the calcium 
was 48 milligrams. During the period of her spectacular improvement, when she was receiving 30,000 rat 
units (4.08 milligrams) of e.stradiol daily, only seven representative collections were obtained. These gave an 
average volumi' of 5G1 cubic centimeters and a calcium level of only 26 milligrams. The third measured period 
lti''ted for thirty day.-, during which .■'he received daily 20,000 to 30,000 rat units (3.32 to 4.08 milligrams) 
of e-tradiol benyoate. 4 grams of calcium, and .50,000 units of vitamin D. The average urine volume was 708 
cubic centimeters and the calcium was GO milligrams. Immediately thereafter was a period when all medica- 
tion was discontinued, and twenty-four .samples ga\-e an average urine volume of .581 cubic centimeters 
with 1.50 milligrams of calcium. Following this, -1 grams of calcium and .50,000 unit.s of vitamin D were 
added each dav. Bv this time, the patient had been without estradiol for two months, and her .sy'injjtoms 
Iiegan to iccur with such alaiming rajiidity that this period had to be stopped with only eleven samples. 
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Till' iiriiii' vi>luiiu' wa-- 7'.'2 r\il)ir l•t■ntiIm'tl•r' and tin- ralriiim u.T' 210 niillipram--. The final period i= 

irpn-M-nli'd hy forty-four ^anlp]('-, rollortcd when tlio paln-nt «a‘- rccoiviriR daily 20.000 to 40.000 rat units 
(.'?.o2 to (i.OI iiiilliprani'-l of f-trop'ii'-, 1 trniins of oalciiim. and .iO.OOO units of \-itamin D. The average urine 
volume \va< f>.")0 cu!)ir eeiitinieter- and tlie ealeium ua'- 101 niilliRram- tCliart I). 

Sim'o tho jiufiont oxcrototi :i coiisideraltlc amoiinf of calcium in her urine even when 
her skeleton w;is extremely depleted, it is probable that the primarj' defect wa.- not lack 
of absorption of calcium by tlu' put (as in osteomalacia, insufficient ingestion of calcium, 
or sjirue) ”• "• "b This conclusion is stijjported by the microscopic sections, which 
did not show excessive amounts of osteoid tissue until osteoblastic activity had been 
stimidatod in the absence of increased ingestion of calcium and vitamin D. When the 
patient- received large amounts of added calcium and vitamin D (given to increase in- 
testinal absorption), together with estradiol, she excreted verj' little more calcium, which 
suggests that .she was retaining most of it; of course, without values for fecal calcium, 
this cannot be proved. However, when the estradiol was withdrawn but the calcium and 
vitamin D continued, the calcium in the urine rose to almost four times its previous 
values, which would indicate that ab.-orption wa.s maintained but retention was decreased. 
In the final period, when estrogens were reinstitvitcd. the urine calcium again decreased, 
as it should if retention were stimulated. 

The subsequent course of this patient has been most interesting. Following her relapse 
when medication was discontinued, the administration of estrogens was resumed, and 
an attempt was made to discover her maintenance dose. It was found that on anything 
less than 2.000 rat units (0.33 milligram) daily, her bone pain tended to recur. She has. 
therefore, been maintained for over two years on this dose, with a rest period of one week 
in even' six or eight. 

During this time, the only evidence of general estrogenic effect has been the patient's 



Fig. S 


Photomicrograph (X 100) of section from rib after therapy with e^trogcas. Tiicre i- a largi- plaque 
of immature now bone on both sides of the atrophic trabeculae. Normal active hematopoietic marrow 
is pre.^ent. 
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calci\am gluconate, 4 gm. and vitamin D, 50,000 units 
daily. 

Chabt I 

Effect of estradiol benzoate on urine-calcium excretion. During all of this time the measured 
dietary intake of calcium was 950 to 1,000 milligrams daily. 

increased feeling of well-being. There was never a noticeable effect on breasts or genitalia, 
or a significant change in her blood count. (Toxic effects from large doses of estrogen have 
been noted in the blood and marrow of rats and dogs but not in monkeys 

Although her blood lipids were alwaj'-s within normal limits, they did rise from 843 
to 936 milligrams per 100 cubic centimeters. The cholesterol levels showed a much more 
marked change. Before any therapy had been given, the total cholesterol level was 198 
milligrams per 100 cubic centimeters (the free cholesterol was 159 milligrams). These 
values graduallj^ rose to 528 milligrams of total and 437 milligrams of free cholesterol, 
whore they remained until estrogens were discontinued. The values then fell gradually 
to 328 milligrams of total and 241 milligrams of free cholesterol. When estrogens were 
resumed in smaller doses, the values remained between 328 and 476 milligrams of total 
and 240 to 2S0 milligjvams of free cholesterol. This observation is consistent with the 
experimental finding.^ in ducks, sparrows, doves, and monkey.s This tendency has 

been observed by us in a few other clinical cases, but no conclusive data have yet been 
obtained. 

There has been no evidence, eitlier clinical or roentgenographic, of a tendency of 
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tlie iiono to r(“^orh oxccpt whon estroRcn was discontinued. This is at variance with the 
rmdinc:s of the SillierberRs and others, who observed a decrease of new bone, pro- 
dueeii by injected estrogen, wlicn tlie hormone ivas maintained over long periods '• 

It has been noted repeatedly that the simultaneous administration of testosterone 
propionate seems to increase the estrogen-induced new-bone formation in birds On 
the other hand, in mammals, the result of the addition of testosterone seems to be to 
neutralize the ofTect of the estrogen The patient described here was given tes- 

tosterone with the estrogen for approximately six weeks, in doses of from 0.010 to 0.0125 
gram daily. There was no perceptible change in the clinical or roentgenographic picture. 
This is. of course, difficult to evaluate for, while the change from almost no bone to some 
bone is easily detected by roentgenogram, the change from some bone to a little more or 
le.ss bone is practically impossible to measure. 

As noted before, the initial basal metabolic rate in this patient was always about 
plus 50. The accuracy of the readings is open to question because of the patient’s extreme 
pain and apprehension. However, two readings of plus 45 and plus 50 were obtained 
after her marked improvement had begun, at a time when she was quiet and cooperative. 
Thereafter, the readings fell steadily (no specific medication being given) until they 
reached and maintained a level of plus 14 to plus 20. This is interesting in the light of the 
finding of Sherwood and his associates that the administration of estrogen causes a fall in 
the basal metabolic rates of rabbits and rats, if the thjToid gland is present. Obser\'ations 
on five women who had undergone panhysterectomy gave variable results (increase, 
decrease, and no effect) ‘h 

There was never any demonstrable change in blood pressure, heart rate, or respira- 
tion. which is in accord with the few experimental obsen'ations made 

SUMM.\RY 

In a woman of fifty-eight yeara, many of whose bones had almost disappeared as a 
result of Paget’s disease, together with a severe postmenopausal osteoporosis, massive 
estrogen therapy was followed almost at once by a remission of clinical sjmiptoms and by 
actual reconstitution of bone. Withdrawal of the estrogen produced an exacerbation; 
its readministration was again followed b\' improvement. For over two years the patient 
has been kept on daily doses of from 2,000 to 10,000 rat units (0.33 to 1.66 milligrams) 
of estradiol benzoate; during this time she has maintained her improvement and has 
.showed no untoward symptoms. 
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DISCUSSION 

Dr. A. R. Sh.vnds, Jr., Wilmington, Del.aw.\re: The case Dr. Sherman has reported is a remarkable 
one. I have had no personal experience in the use of estrogens in bone formation. Certainly the report of 
this ca.=e will make many of us think of patients whom we should have treated in a similar way. I am sure 
very few orthopaedic surgeons have used estrin. Perhaps we have been frightened by reports of secondary 
sexual changes associated with its use, as well as other complications. The continued massive doses, used by 
Dr. Sherman in this patient over a period of two years to reliex’e pain and cause recalcification and healing 
of fractures, have certainly produced a most remarkable result. Perhaps in these cases it might be helpful 
if there was some way of determining an estrin deficiency beforehand, so that the hormone could be given 
as a preventive measure. 

The steroid-producing endocrine glands — namely, the male and female gonads — and the adrenal cortex, 
are interesting to read about in Dr. Fuller Albright’s publications. Once we fully appreciate their mechanism 
in the body and the significance of their secretions, we will undoubtedly understand much more aliout 
osteoporosis and manv other bone conditions. We certainly hope that this work of Dr. Albright will show- 
how to use, intelligently and safely, estrogen, testosterone, and adrenal-cortex e.xtracts. 

In our hospital we have been particularly interested in the osteoporosis a.ssociated with the nephrotic 
child. The work on nephrosis forms a part of our program of research under Dr. Lee E. Farr, director of 
research. .A thinning of the cortex of the bones of these children is alwaj-s found, indicating a calcium im- 
balance. Dr. Farr has observed and treated approximately 125 of these ca.res. Dr. .Albright and others an: of 
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the opinion that with loss of serum albumin, which is an important nitrogenous precursor of bone matrix 
there is a decrease in the bone production. In these eases which Dr. Farr has treated, the serum albumin 
varied from 10 to 75 per cent, below normal. Emerson and Beckman, working at the Rockefeller Hospital, 
reported in detail, in 1945, three cases of a diffuse rarefaction of the shafts of the bones, with normallydense 
epiphj'seal lines. It was their belief that there was a generalized decaleification of the skeleton, indicative 
of abnormal calcium metabolism. Apparently in these cases there is an excessive loss of calcium in the faeces 
and a diminished loss in the urine; and, with the lowering of the serum-calcium concentration, a parallel 
decrease occurs in the serum-protein level. These factors have been noted as early as one month after the 
onset of the disease. However, in these nephrotic children, the skeletal growth and the suppl 3 ' of calcium 
in the epiphyses are apparently normal. Nevertheless they fail to retain the calcium at a rate even remotely 
approaching the retention rate of normal children. With this failure to store calcium at a normal rate, a 
skeletal decalcification results which can always be seen in a roentgenogram. In one of the cases of Emerson 
and Beckman, a child had a remission of signs and symptoms of nephrosis and then had a prompt return to 
normal calcium metabolism. 

For the last two years, work has been going on in our laboratories, under the supervision of Dr. Farr, 
on the “protein content of bone”, the actual work being done bj'^ Dr. Strobino and Di-. Rosenblum. Some of 
this work was reported by me at The American Orthopaedic Association meeting last year. Since that time 
Dr. Strobino has analj’^zed the protein content of twenty-five human bone specimens. (The original work, as 
you may remember, was done on beef bone.) One of these human bones was the tibia of a man, thirt 3 "-fivc 
years old, who had an amputation in the mid-thigh for an ununrted fracture of the femur, which had become 
infected and in which osteom 3 'elitis had developed. The exact length of time between the accident and the 
amputation is not recorded. It was quite definite from the roentgenograms that this tibia had undergone 
osteoporosis, presumably from disuse. The protein content was definitely lower than in the tibiae of two 
comparable senile patients (scvcnt 3 ^-two and sevent 3 f-three 3 mars old). The ash value was the same. How- 
ever, if the observations of Baker and co-workers in 1946 are correct, that the protein matrix and calcium 
are removed together in osteoporosis, one would not expect a lower protein content. Actuall 3 ’, this osteo- 
porotic tibia showed a protein content of 28 per cent, and an ash content of 63.9 per cent. 

In conclusion, I wish to present, through the courtesy of Dr. 0. N. Stern of Wilmington, Delaware, one 
remarkable case of a newborn bab 3 " with almost complete “anossification”. (I use the word “anossification" 
for want of a better term.) A complete report of this case is now being prepared for publication by Dr. Steri 
The mother was thirty-seven years old and had been married ten years; there had been no children. Tli 
pregnancy lasted eight and one-half months. There was normal labor, with a brow presentation. Just befor 
labor began, the first roentgenograms of the pelvis were made. While the mother was in labor and the oh 
stetrician was in the delivery room, word came from the X-ra 3 ’’ Department that the roentgenograms showe 
no evidence of a foetus in utero. Of course, this rvas quite disturbing to the obstetrician. However, a sij 
pound child, twenty-four centimeters long, without gross congenital malformations, was delivered. Befoi 
birth the foetal heart sounds had been normal and there had seemed to be normal activit 3 ' of the foetu 
in ntcro. The child lived for four houi-s. At autopsy, the bab 3 ' showed a bilateral atelectasis, and the roent 
genograms showed only slight evidence of ossification in the clavicles. 

Following labor, biochemical studies were done on the blood of the mother. The calcium was 10 milk 
grams per 100 cubic centimeters, the phosphorus 4.5 milligrams per 100 cubic centimeters, the cholestcrc 
310 milligrams per 100 cubic centimeters, and the basal metabolic rate minus 12 per cent. The obstetriciai. 
advised the mother to wait three months before becoming pregnant again. At the end of this period she be- 
came pregnant for the second time; and in nine months a normal baby, with a normal skeleton, was delivered. 

Apparently no similar case has been reported in the literature. I regret that I do not have sections of 
the tissue which replaced the bone matrix in the skeleton. These will be shown when the case is reported. 
Perhaps this foetus did not receive the ncccssaiy estrin to cause calcification. Dr. Sheiman might like to 
comment on this possibilit 3 ^ 

Dr. Mary S. SHERjr.AK (closing): I am afraid I cannot answer Dr. Shands’ question as to wly there 
was no calcification of the bones of the bab 3 ’. 
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STHKPTOMYCIN IN THE TREATMENT OF CHRONIC INFECTIONS OF BONE 


UY CAPTAIX JOHN' C. 'WILSON', JR. 

^fcdicnl Corps, Army oj the United States 

, From the Orthopaedic Section of the Surgical Service, 

Percy Jones General Hospital, Battle Creek, Michigan 

Durmg the three years which have elapsed since the termination of World War II. the 
attention of many physicians has been turned toward the treatment of the chronic^in- 
fcctcd wound invoh-ing bone. Despite many recent advances, the treatment of chronic 
ostcomj'elitis continues to present formidable problems. A re\'iew of the literature reveals 
many methods of treatment which have been attempted •with varjong degrees of success. 
In World War I the Carrel-Dakin treatment was advocated. In later j'ears, various forms 
of wound sterilization were described, including zinc solutions, urea, maggots, allantoin, 
bacteriophage, and many others. In 192.3, Orr published his classical paper in which rest 
was offered as the fundamental concept of treatment, as well as thorough debridement 
and infrequent dressing. During World War II the morbidity and mortality from com- 
pound wounds invoh-ing bone were diminished strikingh' by the use of antibiotic prepa- 
rations, especially sulfadiazine and penicillin. The increasing availability of streptomj'cin 
for clinical use has made possible still further improvement in the therapy of certain types 
of chronic infections of bone. 

The purpose of this clinical study has been to determine whether or not the use of 
systemic and local streptomycin, in addition to thorough sequestrectomy and meticulous 
wound care, would hasten the healing of wounds in patients ill with osteomj'elitis of long 
\ duration. For this stud}’-, patients were chosen who presented certain speciSc clinical 
criteria. In all patients the diagnosis of osteomyelitis was substantiated by pathological, 
roentgenographic, and clinical e\'idence. All had chronic discharging sinuses which led 
to bone. Purulent drainage had persisted for an average of nineteen months and had 
confined these patients not only to a hospital, but in almost all cases to a life in bed. 
In all but two patients, predominantly gram-negative organisms were cultured from the 
exudate of the sinus tracts. 

These patients had run the gamut of treatment for chronic septic bone disease. Some 
had had as many as twelve sequestrectomies. All had endured many courses of Orr treat- 
ment. Their clinical charts reveal the administration of millions of units of penicillin over 
the course of many months. On one, an acrylic implant had been used unsuccessfully to 
fill a defect in bone. On others, muscle flaps had been transferred and innumerable Thiersch 
grafts had been applied to granulating surfaces. The wound-sterilizing agents which were 
employed are too numerous to record, but they include all possibilities from azochloramid 
to zinc chloride. Despite these efforts, the disease progressed and the chronicity of the 
osteomyelitis -u'ent unchecked. Associated with a long period of hospitalization -was a men- 
tal depression of greater or lesser degree, caused by protracted separation from families and 
by a fear that prolonged absence from the routines of healthful li\*ing would make a read- 
justment to civil life exceedingly difficult. 

In an effort to heal these patients, a plan of therapy was evolved, based upon four 
well-established surgical principles; 

1. A thorough investigation of the bacterial flora of the wound, and the determination 
of sensitivity of the organisms to streptomycin and to penicillin; 

2. A radical sequestrectomy with saucerization of the wound, after adequate prepara- 
tion of the patient; 

3. The use of streptomycin and penicillin prior to, during, and after surger}-; 
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TABLE I 

Site of Infection in Twenty-five Cases 


Bones Affected 


Number of Cases 


Femur 11 

Tibia 8 

Humerus 2 

Radius 1 

Tibia, fibula, talus, and calcaneus 1 

Acetabulum and head of femur 1 

Sacrum and ilium 1 


Total 25 


4. Meticulous postoperative wound care to prevent contamination from individuals, 
from other wounds, and from the environment. 

Twent 5 ''-five patients were treated. All were white males whose average age was 27.G 
years. The oldest was thirty-nine; the youngest was nineteen. Twenty-four of the patients 
had sustained compound injuries, involving bone, when in the front lines of combat or in 
areas directl}'' adjacent to them. In one patient hematogenous osteomyelitis developed, 
Avhich progressed to a degree ivhere clinicall 3 '^ it was impossible to differentiate his disease 
from that of the others. The affection in the majoritj’' of cases ivas confined to the long 
bones of the lower extremity (Table I). 

The first requirement for treatment was satisfied by taking a culture from the depths 
of the sinus tract under aseptic technique. The skin edges were separated with a sterile^ 
instrument, and a cotton swab Avas introduced until bone Avas felt. In this AA^aj’’ organisms ^ 
Avere obtained from the infected area itself and not from the skin. The bacteria AA-’ere then^ 
cultured and isolated, and sensitiAuties to streptomjmin and to penicillin AA'ere obtained.'^ 

Characteristically, the gram-negative organisms AA^ere insensitiA'^e to penicillin. Occa- 
sionall.y, a hemoljTic Staphylococcus aureus wub cultured, AA'hich aa^us resistant to penicillin 
but veiy sensitiA'^e to streptomycin. For this reason a sensitiAuty to each drug Avas obtained 
on gram-positiA'-e organisms. 

If bacteria AA’ere sensitiA^e to 16 micrograms or less of streptomjmin per cubic centime- 
ter of media, the sj'^stemic use of the drug Aims considered advisable. Hon^ever, if the 
sensitiAutA" proA^ed greater than 16, local streptomjmin A\'as used and none AAms giAmn b}'’ the 
intramuscular route. 

The bacterial flora Avas mixed in all cases but tAvo. Proteus vulgaris, the most common 
gram-negatiAm organism found, Avas present in nineteen of the patients (Table II). The 
hemolytic Staphylococcus aureus, coagulase positive, Avas the most common gram-positive 
organism cultured; it Avas present in nineteen of the cases (Table III). 

TABLE II 

Gb.im-Negatia'e Ohg.ani.sais 


Oi'fianism Number of Ca.sc‘.« 


Proteus vulgaris 19 

Pseudomonas aeruginosa FI 

Escherichia coh S 

I’aracolon orpanisms o 

Alcaligenes faecalis 4 

.1 crobacler aerogen es 3 

Pseudomonas fluorescen s 3 


Tin; jouiiNAE or iioni; ani> joist ..^cugmo 
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(Irc’Oii'-m Xumber of fa-es 


Hcniolylir Staphnlnenccii’: niimi':, roainila‘-<‘ po-itivc 19 

Aiiai'rohio vtn'ptoroccu-- 5 

Sinphvinrnrru'! nlliti'! 4 

Ik'ta-lu'molytic •-tri'ptorocc'H' 2 

Diptlicroid- . . 2 

Ciamnia ^trvptorocnib . 2 

Slrcp!ncnccu'< nnilan'f . 1 

f'arrina . . • ■ 1 


The origin of the bacterial infection is problematical. The majority of the men 
wounded in combat gave a history of falling to the ground at the time of injurj'. Some re- 
call their physicians telling them that dirt, wood, clothing, or metal had been removed 
from the wounds at the time of debridement. Others recall a foul-smelling green e.xudate 
which permeated their plaster-of-Paris casts two or three weeks after the injurj-. Some of 
the organisms may have lived in the wounds since the time of initial injurj'; however, we 
believe that most are contaminants. 
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Chvrt I 

Tills graph shons the rapid development of resistance by Bacillus proteus following the administration of 
streptomycin. 


lYhile the necessarj- bacteriological data were being compiled, preparation of the 
patients for surgerj- progressed. All of them received high-caloric diets, supplemented 
bj- the oral administration of vitamins and by iron preparations when indicated. Severe 
anaemias were corrected bj- transfusions of whole blood. In ca=es of .mspected hj-popro- 
teinaemia, determinations of total protein and albumin-globulin ratio were obtained. If 
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Chart II '' 

Escherichia colt disappeared after sequestrectonw. Bacillus proleus and Pseudomouas aeruginosa persistc 
and rapidly developed resistance to streptomycin. 


low values were found, the patient was placed upon a high-protein diet; and infusions c 
plasma and amigen were administered. 

Twenty-four hours before surgeiy, the intramuscular injection of streptomycin wa 
commenced. If the organisms were sensith^e to 16 micrograms of streptomycin or less pc 
cubic centimeter of media, the drug was administered in the dose of 0.5 gram e^"ery fou 
hours for a total of 3 grams per day. With this amount of drug the blood level a’\-erage( 
16 micrograms per cubic centimeter of serum. Although levels of 32 micrograms wen 
found during the first hour after injection, this value became stabilized at about 16 micro 
grams and dropped rapidly during the fourth hour. A ten-da}^ course was prescribed; th( 
total drug given equaled 30 grams. The author of this paper is in full agreement witl 
Pulaski, Sprinz, Heist, and Ehrhorn, who have found that dosages in excess of 3 gram; 
per daj^ provide no additional benefit, regai’dless of the type and severitj^ of the infection 
Furthermore, the percentage of toxicit}'’ is roughlj'’ pi-oportionate to the amount of drug 
given. The course of streptom 3 min bj" injection has been limited to ten da 3 "s for two rea- 
sons: The prolongation of therap 3 '- with this dosage leads to more toxic reactions; and the 
bacteria develop a resistance to the drug with such amazing rapidit 3 '- that liloocl levels 
which can be obtained are no longer bacteriostatic. Examples of this phenomenon arc 
shown in Chart I and Chart II. 

The solution for the parenteral administration of streptom 3 min consists of one grarr 
of drug, eight cubic centimeters of sterile normal saline, and tAvo cubic centimetei's o: 
1 per cent, procaine solution. In this preparation, one cubic centimeter of solution containf 
0.1 gram of streptom 3 ’cin. The procaine is added to diminish the discomfort of intra- 
muscular injection. 

For local use, a mixture of streptom 3 'cin and dr 3 ', powdered plasma was prepared, 
With sterile precautions, 16 grams of streptom 3 'cin was mi.xed with approximately 120 
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Chart III 

Pseudomonas aeruginosa disappeared after sequestrectomy had been performed and streptomycin adminis- 
tered. Staphylococcus aureus appeared in culture after surgeiy. Penicillin was administered, as well a« strepto- 
mycin. 

grams of drj’, powdered, human plasma. After thorough mixing, the preparation was 
dh-ided equally into thirty-two bottles, so that each bottle contained approximateh' 0.5 
gram of streptomycin and 4 grams of plasma. The bottles were sealed trith parafiBn and 
stored under refrigeration until used. Plasma was chosen as a medium for caiTj-ing the 
streptomj'cin, because of its buffering action. The drug is effective only in an alkaline 
medium. Plasma aids in maintaining the wound pH at a value nearer that which is opti- 
mum for the action of streptomycin. Furthermore, the hemostatic agents present in plasma 
are helpful in controlling ooze from wound surfaces. 

In addition to streptomycin, penicillin has been given intramuscularly in doses varA'- 
ing from 50,000 to 100,000 units eA'erj* three or four hours, depending upon the severity 
and the sensitivity of the infection caused by gram-positive organisms. Frequently, this 
drug Avas not giA-en until sensith-e organisms had appeared in the culture. These appeared 
often after streptomycin had controlled large numbers of gram-negatiA'c bacteria. Unless 
toxicity deA-eloped, penicillin was continued until the Avound had healed (Chart III). 

lYithout doubt, sequestrectomy is the most important single part of treatment. Unle.=5 
all necrotic bone has been remoA'ed, no amount of streptomycin or other agent aatII heal 
these Avounds. The technique of sequestrectomy has A-aried in certain respects. The object 
of surgery, of course, has been the thorough and complete removal of all dead bone and 
deA-italized soft tissue, and saucerization of the AA'ound so that no OA-erhanging ledges of 
bone remain. In the majority of these patients, the bone AA-as approached by excision of 
the sinus tract. The soft parts AA'ere reflected from the old fracture site, and a .^cque.s- 
trectomy AA-as performed. HoAA-eA-er, when the sequestra lay in portions of the bone ana- 
tomically inaccessible from the entrance of the discharging sinus, aa'c did not hc.sitate to 
approach the bone through clean tissue. These AA'ounds AA'ere closed primarily by the use 
of deep skin sutures of stainless-steel AA-ire, AA-ithout subcutaneous closure. The sinus it-elf 
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Chart IV 

Despite the resistance of Bacillus proieus and Pseudomoms aeruginosa to streptomycin, they 
disappeared from culture after sequestrectomy and the use of local streptomycin. 



Fig. 1-A 

Case 13. Anteroposterior and lateral views of the femur, taken May 19, 1915, a week after injury. 

Tin: jouRN'AL OF noN'i: an'd joi.nt sirnGnui 


bTUEI’TOinCIN IN THE TREATMEXT OF CHRONIC INFECTIONS OF BONE 


Fig. 1-B 


Fig 1-C 




Fig. 1-D 


Fig. 1-E 


Fig. 1-F 


Fig. 1-G 


Fig. 1-B: Photograph of wound, draped for sequestrectomy. 
Probe has been inserted into sinus tract. 

Fig. 1-C: The femur is exposed; the sequestrectomy has 
been completed. 

Fig. 1-D: The streptomycin-plasma mixture has been 
dusted into the u ound. 

Fig. 1-E: The glass-cloth pack is in place. 

Fig. 1-F: Appearance of wound two weeks after seques- 
trectomy. 

Fig. 1-G: Four weeks after sequestrectomy. 

Fig. 1-H: Eight weeks after sequestrectomj-. 


Fig. 1-H 


was then enlarged sufficiently to permit dressing and drainage. This procedure violates a 
cardinal principle of the treatment of infection, but no undue complication resulted from 
such an approach. 

IMiile the bone was being exposed, no more periosteum was reflected than was abso- 
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lutely necessary. Sclerotic bone was drilled, to permit the entrance of granulations. An 
effort was made to re-establish marrow cavities, when they had become obliterated. 

A tourniquet was employed, when feasible, to limit blood loss. Large amounts of 
scar tissue were excised; and, Avhen possible, the u^oimd margins Avere debrided until 
grossl}'’ uninfected tissue remained. 

The AA-ound Avas irrigated Avith one or tAvo liters of normal saline Avhich had been 
Avarmed to body temperature. Hemostasis Avas obtained by electrocautery, by pressure, 
and Avith fine catgut ties. No more foreign suture material was introduced into a Avound 
than Avas needed for the control of large Amssels. Silk and cotton AA^ere avoided assiduously. 

FolloAA'ing irrigation, 200,000 units of penicillin in five cubic centimeters of noimal 
saline aa'us poured into the AA'Ound. The streptomycin-plasma mixture was then dusted 
OAmr the AA'ound surfaces. In small A\munds, 0.5 gram of streptomycin AA’as adequate; but in 
larger Aimunds, 1 or 1.5 grams Avere used. 

The AAmiind Avas then lined Avith glass cloth. This material has been chosen as a Avound 
dressing, because its fine mesh prcAmnts granulations from growdng into the substance of 
the dressing. Glass cloth is not irritating; it keeps AAmund surfaces smooth, and piwents 
the groAA’th of ragged, hyperabundant granulations. At the time of dressing the cloth can 
be lifted from the AAmund AA’ith ease, and Avith a minimal amount of discomfort to the 
patient. 

The glass cloth Avas packed loosely with dry gauze, and a Amluminous dressing AA'as 
applied. If bony union Avas tenuous or absent, the part Avas enclosed in plaster-of-Paris; 
othei'Avise no plaster AA^as used. The extremity aa'rs dressed Avith gauze, sheet AA^adding, and 
elastic bandages. 

During the operation a ti'ansfusion of 500 cubic centimeters of Aidiole blood aa^us given. 
The patient’s hemoglobin Avas determined on the first or second postoperative day and, if' 
beloAV 80 per cent., a second transfusion aa'us given. 


Fig. I-I 


Fig. ]-J 



Fin. I'l’. Antoiopo'.terior view of tiie femur, t.-ikon Ma3' 2G, 19-17, prior to Requestreetonii;. 

Fin- i-.l; .Anteropo'-terior and later.il views of the Femur, taken .Aijfpist 1, 1947, .iftcr licalinfi of 
woiiiul. 
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TIic immediate postoperative care has been routine. An adequate fluid intake -R-as 
maintained l)y intravenous fluids for the first and second days. A liquid diet was increased 
to a full diet as the clinical condition of the patient improved. 

The wounds were not disturbed for fourteen days. At the end of the second week the 
patient was taken to the operating room, where, under strict aseptic technique, the woimd 
was inspected. If bony union was absent, the dressing was carried out through a -window 
in the plaster, so that the healing process in the bone might not be disturbed unnecessarily. 
The glass cloth was lifted gently from the wound, and a culture was taken. The wound was 
flusiicd witii saline. -V layer of fibrin often covered the granulations. This was removed 
from the underlying tissue with forceps. Its removal is advocated, so that the antibiotic 
drugs can be in more intimate contact with the healing surfaces. Streptomycin in plasma, 
and penicillin, were then added, and the wound was again dressed with glass cloth. 

The first dressing has occasionally been accompanied by mild discomfort. Thereafter, 
the patients have experienced no pain whatsoever. In over one hundred dressings, an 
anaesthetic was given in only one instance. Dressings were done at weekly inteiwals in 
the operating room, until the wound had healed or until such a small patch of granulations 
remained that careful dressing on the ward would not endanger the final healing (Figs. 
1-A to 1-J). 

The local use of streptomycin should be continued until the wound heals, for although 
gram-negative bacteria may disappear early from culture, the premature withdrawal of the 
drug will result in their reappearance. Despite the fact that some organisms have been 
insensitive to 32, 64. or 12S micrograms of the drug, we have found that these organisms 
disappear from culture with the local use of streptomycin. When these low sensithrities 
are encountered, the local drug alone should be used. Blood levels obtainable with the 
s.ystemic injections are of no avail. The disappearance of organisms from culture is suffi- 
•' cient indication for the use of streptomvein locallv, regardless of the sensitimtv (Chart 
IV). 

In the majority of these cases an average of six dressing were done in the operating 
room. Thereafter, the patients were kept in bed until all signs of reaction, such as erj-thema 
and increased skin temperature, had subsided from the wormd. The time period for healing 
has been about eighty days. There was very' little difference in the healing time of those 
patients receimng local treatment and those treated with both local and systemic strep- 
tomycin. The use of the drug systemically is an added protection, should bacteria be 
introduced into the blood stream at the time of operation. 

The use of parenteral streptomycin has been accompanied by some toxic reactions. 
All of the patients complained of peri-oral anaesthesia. The cause of this sjTnptom is not 
knonm, but it was considered to be of no major importance clinicalh'. 

In one patient a maculopapular eruption developed over the back and chest at the 
completion of a course of 30 grams. The eiythematous rash subsided spontaneously within 
fortj’-eight hours after administration of the drug had been discontinued. 

The to.xic signs of great importance are related to involvement of the auditor}- and 
vestibular branches of the eighth cranial ner\-e, either by the drug itself or by some im- 
puritv in it. Four patients complained of severe vertigo, and t-wo of these had associated 
deep pain in both ears. One patient became dizz}- after 7. -5 grams of drug had been given. 
Another became dizzy after the administration of 2 grams. In two of the four, vertigo 
developed after the completion of the course of 30 grams. One of these patient.^ complained 
of vertigo for six weeks (Case 15) and the other for eight weeks (Case S). These two pa- 
tients were seen by consultants of the Ear, Nose, and Throat Section on two occasions, 
but no peimanent defect in the lab^-rinthine apparatus could be detected. Both patients 
recovered spontaneous!}- from their vertigo and have had no further difficulty. No cases 
of deafness have been encountered in this series. The appearance of eighth-neiwe s}-mptoms 
demands the immediate cessation of parenteral administration of streptomycin. However. 
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Fig. 2-A Fig. 2-B 

Fig. 2-A: Case 14. Anteroposterior view of the humerus. Roentgenogram taken August 10, 1945, three 
weeks after injury. 

Fig. 2-B: Anteroposterior and lateral views of the humerus in May 1947, prior to discharge from the 
hospital. The bone strength is far below normal. The patient was given a brace to wear for protection. 
At a later date he may need further reinforcement. 


the appearance of toxic symptoms does not offer any contra-indication to the continued 
use of streptomycin locally. Frequent blood levels, determined in patients on local therapy 
alone, have failed to reveal the absorption of any demonstrable amount of drug from the 
wound itself. 

The results of treatment in this series of patients have been veiy encouraging (Figs. 
2-A and 2-B). Of the twenty-five cases, healing occurred in twent 5 i-one. Four failed to 
respond, and all of these have had amputations. One patient’s infection has been healed 
for eleven months, after persistent drainage for thirty-three months. In several, healing 
has been present for seven months; in others, for two, three, four, and five months at 
the time of writing. The patients have been universally enthusiastic, because their 
wounds have been almost painless and odorless, and their dressings have caused minimal 
discomfort. 


CASE REPORTS 

Case 1. A white male, aged thirtj’’-nine, was wounded in action on October 19, 1944, and sustained a 
compound, comminuted fracture of the proximal third of the left tibia and fibula. A diagnosis of ostcomj'clitis 
was made in February 1945. Between June 1945 and November 1946, the patient had six sequestrectomies, 
but drainage persisted. On February 26, 1947, a sequestrectomy was performed and the administration of 
streptomj’cin was commenced. The wound had entirely healed by June 2, 1947. (Local stieptomj'cin onlj'.) 

C.ASE 2. A white male, aged twenty-nine, was wounded in action on May 21, 1945, and sustained a 
compound, comminuted fracture of the middle third of the right femur with laceration of the sciatic nerve. 
A diagnosis of osteomyelitis was made on June 11. Drainage %vas continuous from June 1915 until December 
1946, during which time five sequestrectomies were performed. Sequestrectomy with the administration of 
streptomycin was carried out on December 19, 1946. The wound had healed by March 1, 1947. (Local and 
systemic st rept onwein.) 

Case 3. A white male, aged twentj'-three, was wounded in action on December 12, 1914, and sustained 
a i)enetrating wound of the abdomen, a compound fracture of the right iliac crest, and a bladder wound. 
These healed satisfactorily. In November 194.5, wliilc under treatment after removal of a foreign body from 
the buttock, hematogenous o-^tt‘omyelitib developed in the right femur. The wound drained continuously from 
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Dc'coinbiT UM5 until DrccnilKT 1946, during which lime tlirec sequestrectomies were performed. On Decem- 
ber 'dvS, 19 16, another sequestrectomy was performetl and the administration of streptomycin was commenced. 
Tlie wound had healed by March 24, 1947. (Local and systemic streptomycin.) 

Cask 4. .V white male, aged nineteen, was struck by a falling tree during a tj-phoon on Guam, Septem- 
ber 21, 1946, and sustained a compound, comminuted fracture of the distal third of the left humerus. Open 
reduction with plating was rlonc the same day as the injurj-; the operative wound became infected. The plate 
was removed October 26, 1946, but drainage persisted. Sequestrectomy was performed on January 21, 1947, 
and streptomycin was given. The wound had healed by March 19, 1947. (Local and sj-stemic streptomycin. 
^ Vertigo appeared after ~.h grams of the drug had been given systemically.) 

Cask n. .\ white male, aged twenty-six, w.as wounded in action on February 2.5, 194.5. He .sustained a 
compound, comminuted fracture of the middle third of the right femur, and traumatic amputation of both 
feet. Osteomyelitis in the femur was diagnosed in May 1945. The wound drained continuously from February 
1945 until .lanuary 1947, during which time three sequestrectomies were performed. On .Januarv 21, 1947, 
sequestrectomy was carriwl out with administration of streptomycin. The wound had healed entireh' b3' 
.Vpril 21, 1947. (Local and s\-stcmic strcptom\-cin. Vertigo and pain in both cars after 2 grams of sj'.stemic 
drug.) 

Cask 6. .-A white male, aged twent3’-seA'cn, was wounded in action on February 19, 1945, and sustained 
compound, comminuted fractures of the right tibia and fibula, the left tibia and fibula, and the left femur. 
Osteonn'clitis in the left femur was diagnosed in Fcbruaiy 1945. Drainage was continuous from February 1945 
to March 1947, during which time three sequestrectomies were performed. .Another sequestrectom3' was done, 
■ndth administration of streptom3'cin, on March 26, 1947. The wound had healed entireh- 63- June 5, 1947. 
(Local and S3-stcmic streptonwein.) 

Case 7. A white male, aged twent3--eight, was wounded in action on .April 17, 1945, and sustained a 
compound, comminuted fracture of the middle third of the right tibia. Osteomyelitis was diagnosed in Ma3- 
1945. Intermittent drainage persisted from .April 1945 to .April 1947, during which time two sequestrectomies 
^^erc performed. The first was done one 3-ear prior to a bone graft, and the second sLx months after the graft, 
-< which liad become infected. On .April 16, sequestrectom3- was done, with administration of streptora3-cin. 
The wound had healed by June 2, 1947. (Local and S3-stenuc streptomycin.) 

Case 8. .A white male, aged thirt3--three, was wounded in action on November 22, 1944, and sustained a 
compound, comminuted fracture of the mid-shaft of the left femur. The fracture resulted in non-union. On 
March 27, 1945, a dual onla3- bone graft was placed upon the femur. The operative wound became infected. 
Between .August .31, 1945, and Januar3- 1947, six sequestrectomies were performed, but drainage persisted. 
On .April 4, 1947, sequestrectom3- was performed and the administration of streptom3-cm was commenced. 
The wound had healed entirely by June 2, 1947; it remained healed for five months, and then drainage 
recurred. The result in this case was a failure, and the c.xtremit3- was amputated in November 1947. (Local 
and S3-stcmic streptom3-cin. A’ertigo began after the course of S3-stenuc drug had been completed; the vertigo 
persisted for eight weeks.) 

Case 9. .A white male, aged thirt3--two, was wounded in action on November 24, 1944, and sustained 3 
compound, comminuted fracture in the mid-shaft of the left femur. Osteom3-elitis was diagnosed four weeks 
after injur3-. Between Ma3- 1945 and Januar3- 1947, nine sequestrectomies were performed. On February- 6, 
1947, sequestrectomy- was done, with administration of streptomy-cin. The wound was dry- for four day-s, 
beginning on June 7, 1947, and then drainage recurred. .Another sequestrectomy-, n-ith local administration of 
streptomy-cin, was done on .August 6. For one week, beginning September 28, there was no drainage. .Amputa- 
/ tion of the extremity- was done in October 1947. The result was a failure. (Local and sy-stemic .streptomy-cin. 
f A maculopapular erythematous rash appeared during sy-stemic administration.) 

Case 10. .A white male, aged twenty--scA-cn, was wounded in action on January' U, 1945, and sustained 
a compound, comminuted fracture of the proximal and distal thirds of the left tibia and fibula, and traumatic 
amputation of the right lower e.xtremity- above the knee. Sequestrectomy- in the left tibia wa= done in Feb- 
ruary- 1945. On May- 1.3, 1946, bone chips were placed in the defect in the left tibia, followed by infection of 
the fvotit 2 (!. On March .5, 1947, sequestrectomy was done, and administration of streptomycin Ha= iiegnn. 
The wound had healed by June 6, 1947. (Local streptomy-cin.) 

C.ASE 11. .A white male, aged thirty--three, was injured in the crash of a B-25 on January 29, 1940. He 
sustained compound, comminuted fractures of the right tibia and fibula at the ankle, noth lateral dislocation 
of the foot and extensive soft-tis.suc damage. .An open reduction was attempted the day of injurv-, but was 
unsuccessful. A succes.sful reduction was done on February- 13, 1940. Follon-ing this proccriuro the sep-i.s in 
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the fracture became apparent. On March 24, ]947, astragalectomy and resection of tlie lateral malleolus 
were done, with local administration of streptomycin. The wound did not heal, and a bclow-the-knee ampu- 
tation, guillotine type, was done on July 16, 1947. The result in this ease was a failure. (Local streptomycin.) 


Case 12. A white male, aged twenty-eight, was wounded in action on Febi-uaiy 2, 1944, and sustained a 
compound, comminuted fracture of the distal third of the left femur, involving the knee joint. On March 20, 
a diagnosis of osteomyelitis was made. Sequestrectomies were performed in September 1944, November 1945, 
December 1946, and March 1947. A sequestrcctomj" was done in April 1947, with administration of strepto- 
mycin. There was no response to therapy, and a guillotine amputation was done above the left knee on July 
15, 1947. The result in this case was a failure. (Local and s5'stemic streptom3’cin.) 

Case 13. A white male, aged thirty-one, was wounded in action on April 12, 1945; he sustained a 
traumatic amputation above the right knee, and a compound, comminuted fracture in the mid-shaft of the 
left femur, with sciatic palsy. Osteomyelitis of the left femur was diagnosed in June 1945. Sequestrectomies 
were done in August 1945, February and September 1946, and February 1947, but drainage persisted. A 
sequestrectomy with application of streptomycin was done on June 4, 1947. The wound had healed completely 
by August 9, 1947. (Local streptomycin.) 

Case 14. A white male, aged twenty-one, was wounded in action on Juh' 20, 1945, and sustained a 
compound, comminuted fracture of the mid-shaft of the right humei'us. The fii-st scqucstrectomj' was done 
on December 10. On August 29, 1946, an onlaj' bone graft was applied to the right humerus, followed by 
infection in the wound. On February 19, 1947, a sequestr-ectomj’^ was done, with administration of strepto- 
mycin. The wound had healed entirely by April 16, 1947. (Local and s^^sternic str-cptomycin.) 

Case 15. A white male, aged twenty, was wounded in action on January 4, 1945, and sustained a com- 
pound, comminuted fract.ure of the distal third of the right femur. Although drainage had been present since 
June 1945, the first sequestrectomy was done on January 28, 1946. Sequestr-ectomies were done on Maj" 24, 
1946, and February 3, 1947. A sequestrectomy^ with administration of streptomycin was carried out otr April 
1, 1947. The wound had healed by August 21, 1947. (Local and sj'sternic streptom.vcin, with onset of vertige^ 
after completion of the systemic drug. The vertigo persisted for six weeks.) 

f 

Case 16. A white male, aged thirty-thr'ee, was wourrded in action on March 25, 1945, and sustained 
compound, comminuted fractures of both bones of the right for-carm; a compound, comminuted fracture ol 
the distal third of the left femur; and a compound, comminuted fracture involving the head and neck of the 
right femur and the right acetabulum. Saucerization of the right hip and sequestrectomy of the head of the 
femur were done on October 11, 1945. Drainage per-.sisted, despite two attempts at closure of the defect. 
Sequestrectomj’' was perfoi-med on May 29, 1947, with admirristration of streptomycin. The wound had 
healed by August 13, 1947. (Local streptomycin.) 




Case 17. A white male, aged thirty, was wounded in action on November’ 4, 1944, and sustained a com- 
pound, comminuted fracture of the proximal third of the tight tibia and fibula and the proximal third otyhe 
right femur. The wound in the femur healed without complication. In February^ 1945, osteomy'clitis in the 
tibia was diagnosed. Continuous di’ainagc occurred from Februai’y 1945 to March 1947, despite sevci’al 
sequestrectomies atrd attempted closure of the defect in bone by’ the use of an acrydic implant. On March 5, 
1947, a sequestrectomy’ was done, with administration of strcptorny'cin. The wound had healed cntii’cly by 
August 14, 1947. (Local and sy’Stemic sti’eptomy’cin.) 

Case 18. A white male, aged twenty’-fivc, was woitndcd in action on March 25, 1945, and sustained a 
compound, comminuted fracture of the distal third of the left femur. A diagnosis of osteomyelitis was made 
a few weeks after the injury’. Sequestrectomies were done in April, May’, June, and July’ 1945, and in July 
1946. The wound remained healed from January to June 1947. Di’ainage recurr ed on Juno 13. Sequestrcctoniy 
was done on July' 7, with administration of streptomy’cin. The wound had healed by' September 10, 1917. 
(Local and systemic streptomycin.) 

C.vse 19. A white male, aged twenty'-two, was wounded in action on December 2.5, 1944, He .su.stained a 
compound, comminuted fractrrrc of the distal third of the right tibia and fibula. Seque.streetomio.> were done 
in May, June, and August 1945. The wound was dry until October 1946, when drainage recurred. Seque— 
trcctorny was done on June 24, 1947, with administration of streptomycin. The wound had healed Iry Sep- 
tember 3, 1947. (Local streptomycin.) 

Case 20. .A white male, aged twenty-one, was wounded in action on March 28, 1945, and .-'U^tained a 
compound, comminuted fracture of the distal third of the right femur, with involvement of the knee joint. 
Osteomyelitis wa.s present within a few weeks of the injury. Sequestrectomies were performed in .January arifl 
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October 194G, but dniinago persisted for a total of twenty-nine months. Sequc-streclomy was done on August 
11, 1947, with administration of streptomycin. The wound had healed entirely by September 24, 1947. 
(Ix)cal streptomycin.) 

Case 21. A wliite male, aged thirty-three, was wounded in action on December 5, 1944, and sustained a 
compound, comminuted fnicture of the distal third of the left tibia. The wound had healed ^\-ithin a few weeks 
after the iujuiy, but the fracture went on to non-union. .A. hone graft was performed in Xovember 1945; the 
operative wound became septic and drained for twcnt 3 --one months. Sequestrectomj- was done on .August 
19, 1947, with administration of streptomycin. The wound had healed b\- October 19, 1947. (Local strepto- 
m\'cin.) 

Case 22. .\ white male, aged twcntj--si.\, wa-s wounded in action on .April 19, 1945, and sustained a 
compound, comminuted fracture of the mid-third of the right tibia. Drainage continued from the time of 
injurj- until October 1947, despite seven sequestrectomies. .A sequestrectomy was done on October .3, 1947, 
with administration of streptonn’cin. The wound had healed b\- December 7, 1947. (Local streptomj'cin.) 

Case 23. A white male, aged thirtj-, was wounded in action on February 9, 1945. He sustained a com- 
pound, comminuted fracture through the left sacro-iliac joint, with fragmentation of the sacrum and ilium. 
The wound healed soon after injurj’, but broke down and drained in .August 1945. Numerous sequestrec- 
tomies, secondan.' closures, and applications of split-thickness grafts were carried out between August 1945 
and Juh' 1947. On Jub' 25, 1947, sequcstrectomj- was done, with administration of streptomj-cin. The wound 
had heated entirely b\' November 12, 1947. (Local -streptomj'cin.) 

C.ase 24. .A white male, aged twont\--four, was wounded in action on January S, 1944, and sustained a 
compound, comminuted fracture of the right femur with traumatic a\Tilsion of the patella. Profuse drainage 
occurred after injurj-. .A sequestrectomy was done in March 1945. On July 26, iliac chips were placed in the 
defects about the knee joint, but the operation was followed b\- sepsis. Sequestrectomies were done in 
November 1946 and on June 11, 1947. .Another sequestrectomy, with administration of streptomj'cin, was 
'tarried out on September 26, 1947. The wound had healed b\- November 17, 1947. (Local streptomj'cin.) 

C.ase 25. .A white male, aged thirtj'-threc, was wounded in action on October 2, 1944. He sustained mul- 
tiple injuries of both hands and compound, comminuted fractures of the right radius and ulna. Sequestrecto- 
mies of the right radius were done in Februarj' 1945, .April 1946, and September 1947. On October 24 another 
sequestrectomj' was done, with administration of streptomj'cin. The wound had healed bj' November 17, 
1947. (Local streptomj'cin.) 


SUMMARY .AXD COXCLUSIOXS 

Twenty-fit'e cases of chronic osteomyelitis are presented, in which discharging sinuse^ 
had been present for an average of nineteen months. Alany tj'pes of treatment had been 
tried, tvithout success. In an effort to promote healing, a plan of therapy was evolved upon 
the follotving principles: 

1. Thorough investigation of the wound bacteria; 

2. Radical sequestrectomy after adequate preoperative preparation; 

3. The use of streptomycin and penicillin before, during, and after surge rj'; 

4. Meticulous wound care after surgerj' to prevent contamination. 

Twenty-one patients haA'e responded verj' favorably to this regimen, and their wounds 
have healed. Four patients failed to respond; and all have had amputations. 

The author wishes to emphasize strongly that the use of streptomycin offers no 
panacea for the treatment of chronic osteomyelitis. The drug is not a replacement for 
adequate surgeiy; but, when combined with thorough sequestrectomy, it is beneficial in 
the promotion of healing. 

No statement is made with regard to recurrence of drainage in these patients. No 
claim is made that the course of the disease has been altered permanently or that a cure 
has been obtained in any case. However, the salutary' response of the patients to this 
treatment, which allowed their prompt return to a healthy, useful life, has persuaded 
the author to present this study as a preliminary report. 
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Note: The author wishes to express his sincere appreciation to Colonel Carl Rylander, Medical Corps, 
TJnited States Army, for his continued encouragement throughout the study and for his generosity in pro- 
viding the facilities so that the work might be cai-ricd on. 

Acknowledgment is also made to Lieutenant Melvin Frieswyk, Medicftl Corps, Army of the United 
States, for his valuable assistance in the compilation of the Iracteriological data, and for his meticulous 
preparation of the streptomycin-plasma mixtures. 
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DIFFUSE INFLAMMATION OF CARTILAGE 
A Case Report of a Hitherto Unreported Entitv 

BY EVERETT J. GORDON, M.D., WASHINGTON, D. C., AARON W. PERLMAN, M.D., 
CINCINNATI, OHIO, AND NATHAN SHECHTER, M.D., ROCK ISLAND, ILLINOIS 

From the Orthopaedic Surgery Division* of the Department 
of Surgery, University of Cincinnati 

The case to be reported here presented a bizarre clinical course and widespread in- 
flammation and degeneration of arthrodial and non-arthrodial cartilage. Neither the 
clinical features nor the histopathology conformed to an}'- recognized disease entity, and 
the condition has defied classification by orthopaedic surgeons, otolaryngologists, in- 
ternists, and pathologists. The microscopic sections ** have been widely distributed for 
study, but to date no definite diagnosis has been forthcoming. The term “Diffuse In- 
flammation of Cartilage” has been adopted for identification purposes only. 

CASE REPORT 

M. W. (No. 200683), a negres.s, thirty-four 3 mars old, first came under observation in .luU 1944, in the 
Receiving Ward, because of cough and d 3 'spnoea. No conclusive diagnosis was made. She did not return for 
further treatment until September, although the cough h.ad persisted and the d 3 'spnoea had l)ecomc more 
.severe. The cough was jiroductivc at first of small amounts of whitish sputum, which later became 3 'ellowi.sh 
and purulent. The d 3 'spnoea was ehiefl}' the result of e.xertion. A roentgenogram of the chest failed to show 
anv evidence of tuberculosis. In November, she first noticed swelling and tenderne.ss in both knees and ankle.s, 
followed bv repeated remissions and exacerbations, especialh- in the left leg. During the second week of Feb- 
niarv 1945. an e.xacerbation of the [lain and swelling of tlie left knee was accompanied 1 ) 3 ' fever. On Februar}' 
9 . the left eve became swollen and painful. On Febniarv 11 , she noted that both ears were swollen, tender, 
and boggv. She felt feverish, but h:id no chill. The cough, which had become steadilv worse, was aecompanied 

* .'-Service of .losejih Freiberg, M.D. 

** On file at the .Vrni}' Institute of Ihitholog}' (.MP .Acc. 17703, S). 
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by lioan-rnC'.-;. Tlio dyspnoea Iiad progressively increased to a point where she was short of breath, even 
when at rx'.st in Inal. Ilecanse of inerca.sing distress, she was admitted to the Hospital on rebruarj- 14. Her 
chief eomplaint.s at thi' lime nere shortnc.ss of breath, pain in the chest, cough, and sorcnes.= of the left knee. 

In her pa.st history- there was no record of e.vposiire to tuberculosis, and no rheumatic fever. She denied 
having had gonorrhoea, syphilis, or any recent venereal e\po=ure. Per only i)reWou.s illncs.s of con'crruence 
wa-s a jjelvic operation in of unknown type, for menstrual irregularity. She had had two pregnancies, 
one resulting in a miscarriage and the other in a child who wa.s alive and well. 

Physical cvamination revealed an acutely ill. febrile. apprehen.sive, irritable patient, King restles.sly in 
1)0(1 and com])laining of marked substcrnal pain. She wa.s markedly dy.spnoeic; the respirations wore thirty- 
two per minute. The temperature by mouth was 101.6 degrees. Both upper and lower lids of the left eye 
were swollen and oedemalous. 


with h.vpcraemia and injection 
of the palpebral and bulbar con- 
junctivae. The fundi and pupils 
were normal. The auricles of 
both cars wen' boggy, soft, and 
tender, and contained nodular 
thickenings of the pinnae (Fig. 
1): the canals and drums were 
normal. There was marked dis- 
tention of the veins of the neck, 




Fig. 1 Fig. 2 

Fig. 1 : Roentgenogram of right ear, in February- 194.5, shows .slight soft-tissue .swelling. 

Fig. 2: Photomicrograph (X 62) of biopsy .specimen of ear (February 1945) shows areas of scarring, 
with oedema, shredding, and dense staining of some collagen bundles. Increased prominence of tapillaries 
and cellular inhltration may be noted. 


but the trachea wa.s in the mid-line. Tenderness wa-s noted over the entire laryn.v, as well as over the .sternum 
and adjacent chest wall. Auscultation of the chest revealed harsh rhonchi, occasional evpiratory whcerc' in 
both lower lung lobc.s, and slightly impaired resonance over the right base. E\ccpt for marked -sinu' tachy- 
cardia with a rate of 130, the heart was normal. The blood pressure wa= 135 ,s\-stolic and S5 diastolic. The 
abdomen had a healed scar from a gj-necological operation, but othenvise was normal. There wa= d'’finite 
tendernes.s over the spine from the second to the fourth thoracic vertebrae, but no accompany’ng deformity 
or muscle spasm. Moderate sw-elling of the left knee was noted, most of the swelling being medial and sups'.Hor 
to the patella, with slight fluctuation and increase in local warmth. Passive flevion was possible only to CO 
degrees, and was limited 63- pain. Both ankles were tender, but not swollen or incrca-ed in warmth. Tlie 
inguinal, epitroehlear, and posterior cervical nodes were bilateralK- enlarged, =hott3-, and non-tender. Tdie 
rcflo.xes were normal throughout. The remainder of the pht'sical examination w a= negative. Reports of Ial>ora- 
toiy work done at this time wore, unfortunateh-, lost. A diagnosis of diffitsc chondritis, inx-olving tla- cartilage 
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Fig. 3-A 3.3 

1 11:^1!“' (X, 233) of biopsy specimen of trachea. Shows perivascular cuffing with polymorphonuclear and mononucleai cells. Dense collagen 
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of the ears, nasal septum, and larynx, the costal cartilage, and possibly the joint cai’tilage of the left imcc, 
was made by the medical consultant, Di-. Marion A. Blankenhorn. 

Fluid was aspirated from the left knee joint and sulfamerazinc therapy was instituted, adequate blood 
levels being maintained. Howevei-, laiyngeal stridor developed with impending complete obstruction, and 
the otolaryngologist. Dr. Kurt Tschiassny, was called in consultation. Indirect laryngoscopy revealed 
marked anaemia of the arytenoids; slight reddening of the vocal cords, but with almost normal movement 
present; and almost complete closure of the subglottic space by an inward bulging of the mucous membrane, 
especially in the anterior circumference. It was believed that these findings did not represent the typical 
pictuz'e of a subglottic laryngitis, but probably indicafed chondromalacia or perichondritis. On February 17, 
cartilage from the left auricle was taken for a diagnostic biopsy. On the following day, however, obstruction 
to the airway became so acute that a tracheotomy had to bo performed under local anaesthesia; at this lime a 
specimen of the third tracheal ring was also taken for biop.sy c.xamination. A number of laboratory investiga- 
tions, performed at this time, wore report od as follows: 

1. The sputum was negative for tuberculosis. 

2. Blood agglutinations were negative for Brucella, paratyphoid, i 3 'phoid, and dj'scnteiy. 

3. A blood culture was negative. 

4. A blood Kahn test was positive (two plus). 

5. A culture of fluid aspirated from left knee joint was negative (no organisms). 

6 . A complement-fixation test for gonorrhoea was positive up to 0.05 cubic centimeter. 

7. The blood chcmistiy showed: Uric acid 3.2 milligrams per 100 cubic centimeters. 

Urea nitrogen 9.4 milligrams per 100 cubic centimeters. 

Roentgenographic studies of the chest, thoracic and lumbar spine, left ankle, hands, and ears were 
within normal limits. The left knee showed a slight excess of fluid within the joint. The biopsjy studies of the 
left ear and trachea were reported as showing onlj-- evidence of chronic inflammation (Figs. 2, 3 -A, 3-B, 4-A, 
and 4-B). 

On March 1, 1945, the right elbow also became swollen and painful; the left knee and ankle were mark- 
edly improved. B 3 '- March 7, the elbow was free from pain, but the Icnee and anlde had become more un- 
comfortable. On March 4, antisyphilitic therap 3 y was begun; fifteen drops of potassium iodide three times a 
day, supplemented by intramuscular injections of bismuth in oil at weekl 3 y intervals, were given from March 
24 to November 5, 1945. 

On March 9, sulfonamide therap 3 y was discontinued and penicillin, 15,000 units eveiy three hours, was 
begun. This was continued until March 20, when a total of 1,320,000 units had been administered. The pa- 
tient’s general state improved and her temperature approached normal, one week after penicillin had been 
discontinued. During this time there were frequent periods of exacej’bation and remission of the pain and 
swelling in the left knee. 

On April 15, an electrocardiogram revealed in 3 'ocardial damage. On May 4, another aspiration was done, 
and thirt 3 y cubic centimeters of moderately bloody fluid was obtained from the left knee; cultui'e was still 
negative. Repeated aspiration, four da 3 ys later, produced a thick, yellowish, semiclear fluid which clotted 
almost immediately to form a colorless jell. This fluid had a pH of 7.5 and a total cell count of 45,000 per cubic 
millimeter; it contained 5,400 white blood cells, of which 96 per cent, were poKmorphonuclear and 4 per cent, 
were mononuclear. Gram’s stain and acid-fast stains and culture were negative. 

A second blood Kahn test, on May 11, was reported as one plus, and syphilis was then considered the 
etiology. A spinal puncture on May 15 gave negative findings, including the chemistiy, cell count, Wasser- 
mann reaction, and colloidal-gold test. 

Roentgenograms of the left knee and of both ankles at this time showed moderate patch 3 y demineraliza- 
tion, persistent ly^drarthrosis of the left knee joint, and narrowing of the joint spaces of both ankles, especiall 3 y 
the left. Repeated roentgonograms of the left knee, several months later, disclosed partial destruction of the 
tibial spines, narrowing of the joint space, further patch 3 y dominei’alization, and continued h 3 ydi'arthrosis. 
There was a moderate valgus deformit 3 y. The hands still showed no roentgenographic changes. 

The pain in the loft knee became progressivel 3 y worse, with an increasing flexion contracture. On October 
1 , adhe.^ive traction was applied, overcoming most of the contracture, but this had to be di.scontinued after 
one month because of ankle oedema. Bilateral iritis and conjunctivitis developed at this time, but icsponded 
to conservative measures. However, recurrences were frequent during the patient’s hospital st.a 3 ', causing 
main' periods of se\'cro discomfort. A marked secondar 3 '- t 3 'pe of anaemia developed, with a hemoglobin of 
7.5 grams per 100 cubic centimeters and a whitc'-blood-cell count of 7,700. Urinab'sis revealed an occasional 
white blood cell, a pfi of 5.5, and a .specific gravity of 1.002. 

The left knee again became painful and contracted after removal of the adhesive traction, but re-o.vami- 
nation 63 ' roentgenogram revealed no significant changes. Wedging casts were applied on December IS, 
the defonuit 3 ' again 3 ’ielding to the gradual forced extension. 

I-;iborator 3 ' studies at this time showed an increase of hemoglobin to 9.5 grams; the white-iflood-cell 
count wjus 8,500; and the sedimentation rate was 21 millimeters per hour. Urinal 3 ’.sis disclo.sed an occasional 
red blood cell but no white blood cells, a pH of G.O, and a specific gravit 3 ’ of 1.002. Extension of the knee wa.s 
progre-sivelv incroa.y-ed 63 - the addition of turnbuckle.s to the ca.st, .so that 63 ' April 1 , 1016, the knee had been 
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o\loiult'(l to I."),') At tlii' time' ai-titc (•(.njuin-liMti' .iro'i- arcompanied by a temperature of 104.G de- 

env--: tliiv infection rc'ponded to 000,000 unit-- ol pi im ilhn ^ftcr removal of the ea-^t there was still a good 
deal of local tendcincv^ and --m elling m tin- left knee and to le-ier <logree-=, in both ankle-;. Further roentgeno- 
pr.im-- .--hnwial only an increa-e in the lieminerab/ation and narrowing of the joint space A .-leeve t^-pe of east 
was apiilii-il to the left kma' to maintain the corrected po-ition, and the patient wa-; discharged to the Out- 
I’aticnt Sk-rvice on dune 7. 1010, walking on criitebes. lionet er, she could walk only a few feet because of the 
pain in both ankle--, (---peciallv the left in which there ua.-- restricted motion and mild erjuinus deformity, 
which lead not re-pondcil to wedging c-.e-t-- The ti-ndernc" atul swelling of both ears and of the bridge of the 
iio-e wen- still pn-scnt. 

Fi\ wivks later .she was readmitted for further studj and for a course of physiotherapy (diathermy and 
light .stroking iiiass;ige) to her left knee and ankle The tracheotomy tube was functioning well, and she was 
well adjusted to its ii'C and rare. She was fairly comfortable e\cept for the pain in her knee and anUe. which 
n'sjioiuicil favorably to the physiottu-rap\ I’hysical examination revealed persistent swelling and tenderness 
of the pinnae of both ear- and the bridge of the nose, which wa.® also broadened and flattened. There was 
some swelling of the proximal intcrphalangeal joints of the thirtl finger of each hand. Motion in the left knee 
was from l-l.a to 1.50 degree~. in the lelt -inkle from 122 to 125 degrees, in the left foot, slight subtalar and 
mid-tar-al motion was pos,-.ible. the left hip had normal motion. There was a normal range of motion in the 
right hip and knee, but marked restnetion ot sulital.ar and mid-tar-al motion in the right foot, with plantar 
flexion to 1 1.5 degrees and dor-iflexion to 115 degree~ 

liaboratory studies made at thi' time were reported as follows: 

lied blood cells 3,200.000 

Hemoglobin -S granrs per 100 cubic centimeters 

55diitc blood cells t ,200 

Differential count: 

Polymonihonuclear neutrophils 04 per cent. 

Tymphocytes 34 per cent. 

Alonocytes 2 per cent. 

Sedimentation rate (Cutler Method > 20 millimeters per hour 


Blood chemistrv-: 

Calcium 

Phosphorus 

Phosphatase 

Urea nitrogen 

Sugar 

Creatinine 

Uric acid 


11 I milligrams per 100 cubic centimeters 
2 0 milligrams per 100 cubic centimeters 
4 0 Bodan,=kx- units 
S2 milligrams per 100 cubic centimeters 
102 milligrams per 100 cubic centimeters 
1 0 milligrams per 100 cubic centimeters 
1 25 milligrams per 100 cubic centimeters 


Urinalysis: 
pH 

Specific grax-ity 
Albumin 

Sugar and acetone 
White blood cells 
Red blood cells 

During this admission, specimens for biopsy studies were taken from the left ear (Tig=. 4-A and 4-Bj, 
nasal septum, tenth left costal cartilage, and lateral epicondylar region of the left knee. The temirerature 
remained normal except for a slight febrile response to the first biopsy, which rapidly subsided. 

Roentgenograms disclosed no demonstrable changes in the right knee, but marked narrowing of the left 
knee joint with almost complete resorption of the cartilage and advanced derraneralization (Figs. . 5 -.A, .^.R. 
and 5-C). The ankles showed further narrowing of the joint space, marked demineralization of the tibia, 
fibula, and tarsi, and equinus position of both feet, the changes were more pronounced on the left (Fig. 6). 
There was no appreciable change in the lumbar spine. Both ears now contained multiple fragment' of O'rific 
material in the swollen, distorted soft tissues of both auricles (Figs. /-.A, /-B. and t-C). 

-Anteroposterior x-iews of the hands rex-ealed destruction of the joint space of the proximal interpha- 
langeal joint of the left middle finger, not present in the films taken one year prex-iouslv. There w a.' al-o slight 
erosion of the adjacent middle phalanx, associated with fusiform swelling of the soft ti«ues. Other joint' of 
the fingers shoxx ed soft-tissue swelling, but no bone changes. 

On .August 19, she was again discharged to the Out-Patient Serxice as an amhulatorx- patient, able to 
walk only short distances on crutches. .Another course of physiotherapy was instituted. 

This patient was next seen on September 20, 1946, at which time the ears xvere greatly improx-e<l. The 
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left knee \vas extremely painful when motion was attempted, and was fixed at 135 degrees. There were only 
2 to 3 degrees of motion in the left ankle, which was in 25 degrees of plantar flexion and slight varus. There 
was motion from 105 to 125 degrees in the right ankle. The blood Kahn test was again reported as one plus. 

On October 1, she was j-cadmitted for a period of two weeks for further study. The physical examination 
was essentialljr unchanged, and the temperature and pulse weie normal. A complete blood count and sugar- 
tolerance curve weie normal. The urine showed only 5 to 10 white blood cells per high-power field. The blood 
cholesterol was 250 milligrams per 100 cubic centimeters. She was given a heel lift for the left shoe because of 
the marked, fixed equinus, and was discharged. 



Right Left 

Fig. 5-A 



July 1910. Right knee .shows no demonstrable changes. Loft knee shows marked narrowing of 
joint space, resorption of joint cartilage, and demineralization of all bones. Resorption of cartilage 
I'j more severe laterally, with resultant genu valgum. 


THE joun.VAL or no.vE a.vo joi.vt sunonuy 


DIKKl'Si; INTI, VMM \ 1 1< |\ OI C.VRTILAGi; 


951 


()ti 111 ci'iDbrr :!0. it apiiii iwro-'^i\ i<i i.lmif tiic patient, as a result of acute tracheobron- 

chiti'. as well as acute eunjunctivitis of the riptit ■ \" Iti.tli inlections responded rapidiv to sulf.adiarine ther- 
aity. liut l\ospitaliration wa- neces...;ir\' untd \pnl 3 I'Ur Tt ii'heol)ronphiti3 recurred two weeks later, and 
.«lie was filin' luim' admitted to the Hospital for furtli. 'uli idiarine tlierapv . At this time it w.a' noted that 
she liad cataracts, coiuidicatinu the old iridocvditi' oi tin ru;ht I've 

?he was ajtain sn'ii in December l‘.l 17. at uhii h tun tin u had bi'cn no c.ssential change in her condition. 
Because of evtreme pain, occa'ione.l In tiie slight amount oi motion still pre-ent in the left knee, arthrodesis 
was iK'rformed in .\pril l!tIS. Tlie patient failed to respond alter the operation, and died the nevt dav. Per- 
mission for an autojisy was refused In the fnniilv. 

III.-STOI* VTHOLOGIf \L FIN DIVG.^^ 

The detailed findings at microscoiuc evimin.ition are as follows: 

I. Rib tMaterial taken from left tenth costal cartilage .July 1040 

Normal hyaline cartilage is na'ii, and normal cells m cartilage nests In an occasional small focus, dis- 
tinctness of cell-nest outlines is lost and there is some beginning increase in va.sculanty. Xo inflammatory 
pmcesscs, and no destruction of tissue are seen 

II. /viifc 

1. Mati'rial taken from lati'r.d femor.il condvie of left knee July I!H6. Xo cartilage is present in the 
section. The marrow spaces are norni'il. The bone trabeculae are broad and well developed. There is an occa- 
sional traliecula, .slightly broader than normal, with evidence of recent apposition of small amounts of osteoid 
tissue on the surface. as,sociated with numerous osteocla-sts There is little or no evidence of osteoclastic'ac- 
tivity. The Haversian canals are unusuallv wide for cortical bone. 

2. Material taken from articular surface of lateral femoral condyle and from .svmovial membrane of 
lateral margin of joint space. December 1047. 



Fig. 5-C Pic. 6 

Fig. 5-C ; Severe valgus of left knee is shown in this photograph, taken in August 1946. There i= 
atrophv of both legs, more on the left. Fusiform swelling of left knee is en'dent, with patellar tendon 
not so distinct as on the right. The left ankle is markedly swollen, with pronounced cquinus and 
slight varus of the foot. The right ankle is mildly swollen, in definite oquinus, with varus of the 
foot and swelling of tlie metacarpophalangeal joint of the great toe. 

Fig. 6: Roentgeno^m of left ankle, taken in July 1946, shows narrowed joint space, markeil 
demineralization of all bones, and cquinus position of foot. 
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Fig. 7-.A.; August 1946. Left ear 
shows nodular swelling of lobulus 
auriculae, thickening and swelling 
of helix, anthclix, t ragus, antitragus, 
fossa triangularis, and crura an- 
thelicis. 

Fig. 7-B: Right ear has more pronounced swelling of lobulus 
auriculae and antitragus than the left, but less involvement of 
crura anthelicis. 

Fig. 7-C: August 1946. Increased soft-tissue swelling and mul- 
tiple fragments of ossific material may be seen. 

Section A — Syno\’ial Membrane: The sjmovial surface is 
smooth, with no sjmovial proliferation and no inflammator3’^ j'e- 
action beneath the surface. There is moderate dilatation of sub- 
surface capillaries (Fig. 9-C). The fat tissue has an occasional 
scattered l3'-mphoc3^te and macrophage, but this is infrequent. 
Section B — ^Articular Cartilage: The cartilage is completely 
Fig, 8 absent over a large portion of the section and partiall3’’ absent 

August 1946. Note broadening and elsewhere (Figs. 9-A and 9-B). It is replaced by loose areolar con- 
thickening of bridge of nose. nective tissue, containing onl3’^ a few small ncstsof cartilage cells; 

the pattern here suggests the formation of fibrocartilage and 
some hyaline cartilage, such as that seen in callus formation. The subchondral plate is broken and discon- 
tinuous, but there is no evidence of proliferation of new-bone formation, ebumation, or other attempts to 
repair the broken bone plate. There is no inflammatoiy reaction an3ovhere, and no evidence of a pannus. The 
general appearance is that of a chondromalacia of undetermined cause. 

III. Ear (Material taken from lobulus auriculae of left car, Februar3' 1945) 

Section A: The section consi.sts of a thin sliver of normal cartilage, resembling normal articular cai'tilage 
in structure. On both surfaces there is an irregularity, due to apparent invasion of loose areolar and modci- 
ateh' vascular connective tissue. 

Section B: This section reveals an area of scarring and an increased prominence of the capillaries, with 
infiltration of mononuclear inflammatoiy cells. Some of the collagen bundles aie oedematous, shredded, and 
stain abnormall3’’ densel3', as though undergoing some t3'pc of necrosis. 

Section C (July 1946): This section consi.sts of faiiR' dense collagen scar tissue, merging into large masses 
of nen-h' formed fibrocartilage, which in a few places has progressed to ly'aline cartilage. Hon-cver, this docs 
not have the appearance of normal Imaline cartilage, for the nests in which the cartilaginous cells lie are small 
and contain single cells, in contrast to the double and triple cell nests of normal lyaline cartilage. There are a 
few small spicules of bone, associated with the fibrocartilage formation. Only minute vessels are noted in the 
section, some of which arc surrounded b3' groups of mononuclear cells. 

Section D (Jub’' 1946): Most of this section is composed of fairR well-foimed bone with an outer capsule 
of fibrocartilage and dense connective tissue, resembling periosteum. Theie is continued low-grade bone 
formation, as evidenced 1)3- the presence of osteoclasts and the formation of osteoid tissue, particular^' about 
the peripher3- of the bone. The marrow spaces contain a few scattcied plasma cells and loose aieolar vascular 
eomieetive ti.ssue. 

IV. Nose (Specimen taken from nasal septum, Jul3* 1946) 

There is no identifiable cartilage in this section. There is a ver3- thin .strip of dense collagen, containing 
tome .scattered small capillaries and blood v'cs^cls, cuflcd In' mononuclear and polvmorphonuelear cells; 




Fig. 7-C 
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Fig. 9-.A. 

Photomicrograph (X 200) of articular surface of left knee with complete loss of cartilage. Xote 
small portion of subchondral iDone plate on left. Mid-portion of subchondral bone is absent. On the 
right, the cartilage is completely absent and has been replaced by connective tissue tvith a nest of 
cartilaginous cells, resembling callus cartilage. 



Fig. 9-B 


Photomicrograph (X 12S) of articubr surface of left knee noth .=ome remaining cartilace. Xote 
remaining articular cartilaginous plate above. The apparent calcification of cartilage i.- really a sul>- 
chondral bone plate, distorted out of position by twisting of the section. 
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there is some mild shredding and oedema of the collagen. On the surface is a poition of mucosa with scattered 
infiltration of inflammatory cells between distorted glands. 

V. Trachea (Specimen taken during tracheotomy, February 1945) 

Sedion A: Most of the section is composed of dense collagen scar tissue, through which are scatteied 
numerous small capillaiies, associated with polymorphonuclear and mononuclear inflammatoiy cells and an 
occasional pigment-laden macrophage. The polymorphonuclear cells are more common here than in any of 
the other sections. In a few places, bagments of epithelium are present on the surface and merge with the 
scar tissue. In many places, epithelial glands are distorted by infiltration of inflammatory cells between and 





Fig. 9-C 

Photomicrograph (X 275) of sj'novial mcmbianc. Dilated capillaries ma\' be observed beneath 
mesothelial lining. Very slight infiltration of mononuclear cells about blood vessels has oceuned. 
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among thorn. Cloarly rocopnirahlo rartilapo i- not pro'onf in mo>t ca-ses:. Only a fen- fragments of oedematous, 
poorly staininp. hyaline rartilapo witli fori of larnnao absorption and vascularization are noted. 

Scrtinn fi: This sortion contains a large amount ol limnp epithelium n-ith submucosal glands. There are 
arc.as of mild ct'lhilar inriltration betneen the pland®. and considerable connective-tLs.sue scarring beneath 
the glands. A tiny fragment of hvalinc cartilage is present, 'honing some early erosion and poor staining of 
the edges. 

This case has been stiulied at tlie .Vrmy Institute of Pathologt' and by the Consultant 
Staff of civilian pathologists. I'or clas.sification purposes, the case has been filed at the 
Institute as “ Diffuse Chondritis and Perichondritis". The comments made there are 
quoted : 

Colonel .1. E. .\sh. Pcientifir Director, .\rmy Institute of Pathologj-: “In the case of M. tV, fAIP Acc. 
17703S1. it i' the consensus that no categoric diagnosis can be made at present. The process apparently con- 
sists in part of diffuse degenerative change in cartilage, with «ome abortive attempt at cartilage formation, 
which one soc.s actively under way in the section taken from the ear. It is our opinion that the explanation 
m.ay lie in some metabolic disorder. The possibility of these changes being due to s\-philis cannot be e.xcluded. 
However, except in the ti-sues submitted from the trachea, there is no evidence of inflammation.” 

Dr. Granville .■\. Ilennctt. L'niver-ity of Illinois; “Ten of the sections show no variations from 
norm.al. In four of the sections one «ecs proliferation of cartilage in the ear and some eridence of new-bone 
formation and of resorjition in a section of bone. The section of trachea shows inflammation and fibrosis. 
Viewed in conjunction with the history, these sections are not verj- helpful and I am unable to offer an 
interpretation.” 

Dr. Walter Bauer, Massachusetts General Hospital: “The only abnormality that I could discern wa* 
tliat of perichondritis with associated inflammation and fibrosis. I saw nothing which would suggest a caus- 
ative agent or a known disea'C. The historx- and sigas are compatible with the diagnosis of rheumatoid 
arthritis.” 


COMMENT 

A thorough search of both American and foreign literature, including periodicals and 
textbooks, reveals remarkably little on the subject of generalized perichondritis and chon- 
dritis. No case report was found of a clinical condition similar to the one described here. 

In 1905, Barker presented a case at Johns Hopkins Hospital in which there was acute 
inflammatorj' involvement of multiple joints, as well as of the thyroid, cricoid, and tracheal 
cartilages, after acute gonorrhoeal urethritis. Barker believed this to represent a case of 
perichondritis of gonorrhoeal origin, although he was unable to demonstrate gonococci in 
any of the cartilaginous lesions. 

Syphilis and tuberculosis have long been known to be etiological agents in perichon- 
dritis of the larjmx and thj-roid cartilage. Tuberculous larxmgitis is a well-known complica- 
tion of pulmonarx' tuberculosis. Three cases of syphilis of the larx-nx with perichondritis 
were reported in 1936 by Piquet and Quiret. A Soviet writer. V. D. Chaklin. in 1937 re- 
ported fourteen cases of tuberculous perichondritis of the ribs. Perichondritis of the ribs, 
larx-nx, thyroid, and of the cricoid and ear cartilage has also been produced by typhoid and 
paratx-phoid infections, influenza, giippe, infections xrith Bacillus pijocyaneus. local ultra- 
x-iolet therapj-, radiation therapy, and carcinoma ^ 

In addition, Jackson reports hax-ing seen perichondritis of the larx-nx with diphtheria, 
smallpox, scarlet fex-er, chicken pox, pneumonia, measles, tx-phus. t’incentV infection, 
anthrax, blastom 5 -cosis, actinomycosis, xanthoma, x-arious dermatoses, herpetic and other 
ulceratix-e diseases, erysipelas, tonsillitis, and peritonsillar absces.^. It was also obserx-ed 
accompanying xx-asting diseases, axitaminosis, and hemic dyscrasias. He noted that in 
sixtj--eight cases, complicating tx-phoid fever, the disease occurred late, xxhen toxaemia 
and asthenia xx-ere at their zenith and resistance was presumably at its nadir. 

The ossification of both auricles, obserx-ed in the roentgenograms and microscopic 
sections, is a rare occurrence. Higbee states that it xx-as first reported in 1SG6 by Bochdalek, 
in Prague, as an incidental finding in his dissection of a cadax-er of an elderly person. 
Since then it has been occasionally noted ® as a result of injury-, including otohematoma 
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and frostbite, degenerath'-e senile changes, infections, and constitutional disorders, such as 
diabetes. Ossification of the auricle resulting from perichondritis was reported by Bacon, 
but is exceedingly rare. The first reported case Tvas by Gudden. The involvement of the 
helix, anthelix, and scaphoid fossa in this case coincides with the regions most frequently 
reported. 

None of the known etiological agents could be proved in the case reported here. 
HoTvever, neither syphilis nor gonorrhoea could be completely excluded, inasmuch as there 
Tvas a Tveakly positive blood Kahn and a positive complement-fixation test for gonorrhoea, 
despite denial by the patient that she had ever had either of these diseases or been treated 
for them. The significance of a one-plus or two-plus positive Kahn reaction is doubtful, 
inasmuch as this might be a non-specific reaction. In addition, the complement-fixation 
test for gonorrhoea appears to be a group and not a specific reaction, as Lisa believes that 
it is not uncommon to find meningococcal infections giving a positive gonococcal aggluti- 
nation test. 


SUMMARY 

A case of rare occurrence has been presented in an attempt to secure a definite diag- 
nosis. The multiple involvement of various ty'^pes of cartilage in various parts of the body 
has resulted in an obscure clinical picture which does not conform to anj’’ known clinical 
entity. An effort has been made to report the case in sufficient detail and Tvith sufficient 
illustrations to permit study'’ and possible diagnosis by interested phy^sicians. 

Note: Appreciation is e.vpressed to members of tlic Departments of Medicine, Ophthalmology, and 
Otolaiyngology for their aid in the diagnosis and treatment of this case, and to James II. Lisa, M.D., Patholo- 
gist, New York City Hospital and Doctors Hospital, New York City, foi’ his critical review of the manuscript. 
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THE ACCESSORY TARSAL SCAPHOID * 

HY ISADOIU; ZADKK. M.D.. AN'D AARON' M. GOLD, M.D., XEY' A'ORK, N'.A'. 

'I he term “aeees^ory tarMil ^eaplioid" (navicular) ia uaed in this communication to 
indicate that accessory element which is juxtaposed medially and posteriorly to the tuber- 
cle of the tarsal scaphoid : it often .aives the appearance of an extension of the scaphoid bone 
/ rather than resembling the other aecessorA- scaphoid elements of rare occurrence, — such as 
the os supranaviculare. the O' infranavicularc. or the tnie bipartite scaphoid. 

That the tarsal scaphoirl may have an accessory' element has been knouTi for many 
years. The first reference to it i.' credited to Bauhin. whose obsen-ations were recorded in 
1005. \'on Luschka. in 1S5S. in a monograph on amphiarthrosis. mentions the presence of 
such a bone bilaterally and symmetricall.v in the feet of an adolescent, .seventeen years old. 
He noted that the juxtapo^ed surfaces of the scaphoid and accessorv- scaphoid bones were 
independent “joint” surfaces, and that the two bones were bound together by capsular 
strips. He stated, also, that the tibialis posterior tendon surrounded the accessorv’ bone in 
such fashion that it might be considered as a sesamoid. 

These obseiA'ations immediately raised several questions: What is the exact relation 
of the acccsson' scaphoid to the scaphoid bone and to the tibialis posterior tendon? Is the 
accessory scaphoid a tnie tarsal bone, separate and distinct from the scaphoid bone, form- 
ing a tnie joint, and persisting as an independent bone; or is the accessorj' scaphoid merely 
an extra center of ossification for the tubercle of the scaphoid, which eventually rmites 
more or less completely with the scaphoid and which possibly represents atavism toward a 
more primitive foot? 

Significant contributions to the subject were made by Gruber, Bardeleben, Pfitzner. 
/ Fere and Deniker, Dwight, Monahan, Hohmann, and Geist. These reports indicate that a 
separate cartilaginous center for the tuberosity of the scaphoid may be found in the foetus; 
that the aecessorA' scaphoid was present as a separate bone in about 10 per cent, of human 
beings and persisted as a separate bone in 2 per cent.; and that an imperfect dhusion, indi- 
cated bj' furrows and irregularities of the scaphoid tubercle, was found in a considerably 
larger percentage. 

A rcA*iew of the literature disclosed that no roentgenographic studies had been con- 
ducted to determine conclush'ely the fate of the aecessorA' scaphoid. — whether it persisted 
as an independent element or became incorporated v'ith the scaphoid bone. Such a study is 
herewith presented. 

The authors W'ere fortunate to find children and adolescents, attending the Out- 
Patient Department of the Hospital for Joint Disea.ses. w'hose roentgenograms show'ed 
acces.sorA' scaphoids; these patients AA'ere re-examined, both clinically and roentgeno- 
graphicalh', at interA'als of one to eight years after the original x-ray examinations. In this 
manner the immediate fate of the accessory' scaphoid was determined roentgenographically 
in these indhiduals. Eight such cases, representing fourteen accessory' scaphoids. were 
studied AAith follow'-up examinations. 

That the accessory' scaphoid may' persist as an independent bone throughout adult 
life is AA'ell known by' the presence of such accessory bones in the roentgenograms of the 
feet of elderly patients. Many such instances haA'e been encountered. 

The roentgenograms of the fourteen accessory' scaphoids studied show' that definite 
fusion betAveen the accessory' scaphoid and the scaphoid bone occurred in fiA'c instance-, 
partial fusion occurred in three, and there Avas failure of fusion in six. It is eA'ident. then, 
that bony union definitely occurs in a large proportion of cases and. conA'ersely'. that many 
accessory' scaphoids do not unite AA-ith the scaphoid bone and persist throughout adult life. 
Roentgenograms of tw'o illustratiA'e cases are presented (Figs. 1-A. 1-B. 2-.\.. and 2-B). 

* Presented at the Xew York .Academy' of Medicine, May 16, I!M7. 
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Further evidence that union does take place, as well as the exact manner in which this 
occurs, was gleaned from microscopic studies. 

Microscopic Considerations 

Fatten presented a case of an accessory scaphoid, including microscopic studies of the 
specimen removed at operation, and concluded that the tissue intervening between the 
scaphoid and the accessory scaphoid resembled a traumatized epiphj^seal plate. 

Francillon reported a study of twenty-nine cases of accessory scaphoids with micro- 
scopic studies on ten. He concluded, first, that the accessory scaphoid arose from a nidus 
of tissue in the substance of the tibialis posterior tendon, near its attachment to the 
scaphoid; second, in no instance did he find a true joint between the accessory scaphoid 
and the scaphoid bone; third, he found no hemline cartilage, except for partial transforma- 
tion from fibrocartilage to hyaline cartilage in one case; fourth, he believed that union 

might take place, accomplished by a vigorous ossifica- 
tion process at the juxtaposed surfaces. 

The authors, too, were particularly interested in 
microscopic studies of the contiguous portions of the 
accessory scaphoid and the scaphoid tuberositjL It was 
estimated that, with the advantage of microscopic 
detail, one could determine the exact relationship of 
these two bones and the type of joint, if any, which 
existed between them. Fortunately, when an accessory 
scaphoid is removed, a portion of the usually prom- 
inent scaphoid tuberosity is also excised, thus preserv-^ 
ing the anatomical juxtaposition of the two bones,' 
which was essential for our studies. Numerous speci- 
mens of this type were available and the microscopic ^ 
findings were instructive. 

Only a few illustrative cases are presented, in 
order to avoid repetition. The cases to be cited show 
various stages of bon}'- union between the accessory 
scaphoid and the scaphoid bone. In the first, the two 
articulating bones are separate and covered b}'' fibro- 
cartilage. The last case presents an instance of bony 
fusion, with only insular remnants of hyaline cartilage 
marking the site of the previously existing cartilage 
plate. The other three cases show intermediate stages. 

Case 1. L. G., a girl, aged twelve, was admitted to the Hospital on April 10, 1940, because of painful 
prominences on the medial aspects of both feet and a tendency to turn her ankles. Examination of the feet 
showed that thej^ were well balanced. There were painful prominences in the region of the scaphoid tubercles, 
more marked on the right side (Pig. 3-A). The tibialis posterior tendon inserted into this prominence bilater- 
ally to a considerable degree. The accessory scaphoids and prominent portions of the scaphoid tuberosities 
were removed (Fig. 3-B). 

The lioncs (accessor^' scaphoid and scaphoid tuberositj') are capped by a layer of dense fibrocartilage 
with an actual jointlike space between them. This space contains loose connective tissue, remotely resembling 
a synovial membrane. The tendinous fibers of the tibialis posterior on the outer side of the specimen (right 
side of the illustration) could well represent a capsular-like structure. There was veiy little endochondral 
activitv below the fibrocartilaginous tissue. The outstanding picture is that of a joint, but with the articulat- 
ing surfaces of fibrocartilage instead of hyaline cartilage (Fig. 3-C). 

Case 2. A. S.. a girl, aged twelve, was admitted to the Ho.spital on October 12, 1941, because of painful 
scaphoids. A large accessory scaphoid in the right foot is shown in Figure 4-A. A Kidner operation was per- 
formed bilaterally, and the acces.sory scaphoid and adjacent prominent portion of the scaphoid tuberosity 
were removed. The specimen removed from the right side presented a definite space between the two bones 



Fig. 3-A 

Case 1. Roentgenogram shoirtng the 
accessory scaphoid (AS) and its rela- 
tion to the scaphoid (S). 
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(Fig. 4-B). This space permitted definite motion. Low-power and high-power views of the specimen (Figs. 
4-C and 4-D) show the accessory scaphoid bone and the adjacent piece of the scaphoid tuberosity. The ta’o 



Fig. 4-A Fig. 4-C 

Fig. 4-A: Case 2. Roentgenogram of ,tiie right foot, sliowing a large accessoi-y scaphoid. 

Fig. 4-B: Photograph of the specimen removed at operation. A definite joint space (JS) is visible 
grossly, separating the accessory scaphoid (AjS) from the scaphoid tuberositj^ (S). 

Fig. 4-C: Low-power magnification of microscopic section shows the joint- space (JS) moie clearly. 
The juxtaposed bony margins of the scaphoid (S) and accessory scaphoid (A<S) aie capped by ii'iegular, 
eroded, and degenerated hyaline cartilage (HC). Fig. 4-D : High-power magnification, showing h3'aline 
cartilage at the joint space. 



Fig. 4-B Fig. 4-D 
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•iro capped liy n fairly thick, hut irn'pular, layer i)f articular typo of hyaline cartilage, separated by a jointlike 
space. 

C.\sr. 3. B. G.. a girl, aped thirteen, wa.'; admitted to the Ho'ipital on .Januan,- 9. 1940, becam^c of pain on 
the niwlial a.‘-pect.< of the fi'ct of a year’s duration Bony prominence.s v\‘ere present at the .site of greatest pain: 
this was more severe on the right and tendernc" v\a- present on this side. Roentgenograms (Fig. 5-A) showed 
an acec-ssory scaphoid. Mo-t of the tihiah-- po'tenor tendon was inserted into the accessory- .=caphoid on the 
^ right, but could lx- seen extending beyond thi-. bone on the left. .\t operation, the superficial fibers of the 
tibialis posterior tendon were found to extend beyond the accessory- scaphoid and the scaphoid tuberositv on 
the right. 

A low-power magnificat ion of t ho siiccimen removed ( Fig. .5-B I shows that the two bones were joined'bv 
a thick layer of fibrocartilage (plate). .\t the outer comer of the scaphoid fragment (right side of the illustra- 
tion), adjacent to the acec'sory scaphoid, there is marked cellular activitv with giant-cell osteoclasts, dense 
fibrous tissue, and even graiiulatinn-like ti-.-ue. as if a tearing away and repair had taken place recentiv. 
Marked endochondral ossification is evident on the accessory side of the cartilage plate. Bone scIerosis^Ls 
present at this site. Figure .VC is a higher-power view which includes the ‘'traumatized” area. 


C.xsF. 4. N'. R.. a boy. aged thirteen, entered the Hospital on May 16, 1941, because of pain on the 
medial asixicts of both feet when walking. Bilati-rally the feet w-ere flat and a prominence was present on the 
metlial aspect of the mid-tarsal region; these prominences consisted of the accessory scaphoid (Fig. 6-A) 
and adjacent portion of the scaphoid tulx-rosity. 

On microsco]5ic section a large accessory- scaphoid i® seen, separated from the scaphoid tuberosity by a 
hy-.alinc-cartil3gc plate (Figs. 6-B and 6-C). with marked endochondral ossification on both sides of the 
cartilage plate and encroaching upon the plate, which is quite narrow- in a few areas. In fact, a longitudinal 
cleft already- connoct.s the marrow spaces of the two related bones, and it is probable that both bones would 
soon have become fused had the operation not been performed. 


Case 5. E. D.. a man, aged twenty--si.x. was admitted to the Hospital on October 11. 1934. because of 
pain in the right foot for the preceding ten years, aggravated by standing and walking. He had received treat- 
ment for flat feet, w-ith some improvement. RoentgenographicaUy, an accessory .scaphoid tvas seen, appar- 
\ ently incompletely united (Fig. 7-Al. At operation, the tibialis posterior tendon w-as found to insert partially 
into the accessory scaphoid and partially into the scaphoid bone. Low--power and high-pow-er view-.s of the 

specimen remox-ed (Figs. 7-B and 7-C) show practically complete 
bony- union of the two bones under consideration. A linear zone of 

thickened bone trabeculae marks 

the site of the previously existing 
intervening tissue, with small 
islands of hy-aline cartilage under- 
going degeneration and trans- 
formation into bone. 

DISCUSSIOX 

The microscopic studies 
show that the accessory* 
scaphoid and the scaphoid 
bone, having the usual can- 
cellous trabecular structure 
of tarsal bones, were joined 
by a layer of soft tissue. 

This soft-tissue plate con- 
sisted of hyaline cartilage, 
dense fibrocartilage, or a 
mixture of the two. The plate 
varied in thickness, was oc- 
casionally beset with longi- 
tudinal or transverse clefts, 
and frequently-showed very ac- 
tive ossification on each side. 




Fig. 5-A 

Case 3. Roentgenogram shows 
the scaphoid (5) and accessory- 
Scaphoid (A5). 


Fig. G-.A 

Case 4. Roentgenogram sho-.ving 
the accessory- scaphoid <AS) and 
scaphoid (S). 
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From the marked ossification activity which was in progress on both sides of tlie 
plates, it appeared that the plates were well on the way to complete obliteration. That 
this did not hold true in all instances was attested by the clinical fact that accessory sca- 
phoids freqiientl}'- persist into adult life. It must be assumed, therefore, that in some cases, 
at the time growth ceases and the epiphyses of the skeleton close, or soon thereafter, ossifica- 
tion of the intervening plate between the accessory 
scaphoid and the scaphoid bone stops without the 
plate having been completely ossified, so that a^ 
synchondrosis remains. 

In none of the cases studied was a well-developed, 
freely’- movable joint found, with smooth hyaline 
articular cartilage capping each bone, and with the 
two articulating bones bound together by a synovial- 
lined fibrous capsule, such as we would expect to find 
in the talonavicular joint. In one instance (Case 1) an 
apparent joint space Avas present, but the two bones 
were capped by fibrocartilage instead of hyaline 
articular cartilage. In another instance (Case 2) a 
fairly wide but irregular horizontal cleft, definitely 
jointlike, was present, with a fairly thick layer of 
hj'^aline cartilage capping the two articulating bones 
on both sides of the cleft and permitting some motion 
in the gross specimen. The hyaline cartilage, however, 
although conceivably articular in character, was not 
very regular or smooth. One might claim that tl^ 
cleft was artificially produced by trauma, a suddem 
sti’ain on the tibialis posterior tendon tearing away the' 
accessory scaphoid from the scaphoid tuberosity, prcv 
ducing a rift in the intein’-ening cartilage plate, and 
causing a pseudarthrosis. In fact, the specimens fre- 
quently exhibited evidences of trauma in the form ol 
hemorrhages, organizing fibrous tissue containing 
giant-cell osteoclasts or chondroclasts, and callus-like 
reparative tissue located subchondrally. This explains the acute symptoms and localized 
pain often found in patients with an accessory scaphoid. This is quite analogous to the 
strain on the tibial tubercle exerted by the patellar ligament in cases of Osgood-Schlatte" 
disease, as discussed by Uhry. The accessory scaphoid may or may not be painful or sensi 
tive to pressure. Originally one of the authors (I. Z.) thought that, if the accessory sea 
phoid Avas painful, it was the result of mechanical strain in poor balance of the foot. Tin 
observations made here have shown that this was not the only explanation, as traumf 
maj" occur-in feet Avhich are reasonablj'^ Avell balanced. 

In most of these cases shoAving an accessory scaphoid, the tibialis posterior tendon h 
attached to the scaphoid tubercle to a greater degree than normally exists. This can b( 
shoAvn clinically, as reported by Zadek in 1926. 


Fig. 7-A 


Case 5. Roentgenogi-anis show the 
accessory scaphoid (AS) and the sca- 
phoid (S), incompletely united. 
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VASCULAR COMPLICATION OF DISC SURGERY* 

BY EDWARD C. HOLSCHER, M.D.,t ST. LOUIS, MISSOURI 


Accidental injury to the great vessels anterior to the lumbar vertebrae at the time ol 
disc removal is knoAvn to this writer to have occurred at least five times in this country 
during the last five years. 

In the case to be reported, the second known, the complication occurred when a very 
able and well-trained surgeon in a military hospital was making a distinct effort to prevent 
just such an incident, yvhile operating upon a white man, twenty-three yeai-s old. 


The surgeon was using a so-called pituitaiv rongeur in the fourth interspace on the left; as a precau- 
tionary measure, he was making a depth sounding for the anterior portion of the annulus fibrosis with the 
closed instrument, rvhen, with surprising ease, it slipped through the interspace. As the instrument wa-s 
withdrawn, a copious wclling-up of dark blood immediately occurred in the joint. The interspace was jjacked 
with gauze and the procedure was suspended, since it seemed quite obvious that damage had been done to 
the great vessels. The anaesthetist was informed of the incident and the patient was carefully observed. 
The blood pressure, which had been 110 systolic, 60 diastolic, at the start of the operation, was found to be 
100 systolic, 50 diastolic. After about fifteen minutes, no further circulatoiy change had occurred. The pack 
was then removed from the interspace without further blood collecting there, and the operation was re.sumed. 
\t the end of the procedure, there was still no appreciable circulatory' disturbance. 1 he patient was turned 
to a supine position and the abdomen was carefully palpated. Nothing unu.sual was found e.vcejR .slight mu.scle 

snasmof the lower anterior abdomimil wall- . . 

The administration of gluco.se, which the p,atient had been receiving during the opeia ion, wa.s com- 
1 ted- he was then given 500 cubic centimeters of plasma. After it had been determined that there wa.s i,„ 

' * Bead at the Annual Meeting of The American Academy of Orthopaedic Surgeon^., Chicago, Tlii, 


IIIOIs, 


■^’“‘“tfomi’erR Colonel, Medical Corps, Army of the United States. 
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]virtiru!.irly uiiu-iwl ronrtion. tlic patient \\:u- rctumi'd ti) tin nnrd in n stable condition Hi= blood pressure 
remained around 100 systolic. oO dia'-tolic. The follouinc da% he c\pcrionced a sharp throbbing pain in the 
right lower quadrant, together with inability to e\pel ga^ or to empty his bladder. The peristaltic sounds 
n ere distant. Then' was no unusual febnh' reaction. He reacted onlv moderately to frequent enemas and small 
injections of prostigmine. Catheterization was necessaiy There was moderate tendemes.s in the right inguinal 
region. -V limit was heard over the right lower quadrant and down the right femoral vessels, similar to that 
often licanl over the placenta at terminal pregnancy The cardiac rh\-thm was regular with a rate of 112. The 
blood pressure wius 120 sy.stolic. -1 1 diastolic Examination show ed the heart to be normal, except for a loud 
ys)s-tolic murmur at the ])ulnionic area and a softer systolic murmur at the apex. These murmurs had not 
j liccn found previouslj'. The right dor-alis pedis pulsation could not be felt. Xo blood pressure was obtained 
1 in the right leg. The blood pre.'sure in the left leg was 120 systolic. 70 diastolic. There was some prominence 
I of the veins of the lower abdomen and thigh These findings were considered characteristic of retroperitoneal 
hemorrhage and the development of an artenovenous aneurjsm. 

For .several day.s the condition of the patient remained about the same, except that he began voiding 
and the abdominal distention lessened His general circulation remained stable, and he complained sur- 
prisingly little. The affected extremity did not swell or change color, and it could be mox'ed freeh'. Four dax-s 
after the oiicnition, roentgcnogram.s of the abdomen showed only increased gas in the large bowel. The 
patient was slightly febrile and moderately anacime, but was eating well of a light diet. His abdomen was 
still slightly distended, but was not uncomfortable. He was expelling flatus and was x'oiding. A palpable 
thrill was easilx- felt, just below and to the nght of the umbdicus. Definitix-e diagnosis of an arteriox-enous 
ancurx-sm was made, and it was derided to keep the patient strictly on bed rest. Repair of the aneurx-=m was 
contemplated at some future date. 

-A. month after the operation, the nght dorsalis pedis was fairly easily palpable. -A, roentgenogram of the 
chest rex-ealcd no cardiac enlargement The blood pressure xx-as 130 sy.stolic. 60 diastolic. The patient wa« 
afebrile and his anaemia was only slight. There had been some change in the physical findings in the lower 
abdomen, characterized by lessening of the bruit and thrill in this area. Close obserx-ation of the patient was 
continued during the next fix-e months He was allowed to get up after the second month, but his phx-sical 



Fig. 1 Fig. 2 

Fig. 1: Pantopaque myelogram localized the disc lesion at the fourth lumbar x-ertebra on the left. 
Fig. 2: An incidental artenogram, showing relationship of x-C'Sels to the interbodx" joint-. (Obtained 
'"rough the courtesy of William F. Mclicfc, il.D.) 
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operation by the vascular surgeon. 
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activity was restricted. No further cardiovascular changes occurred. Heart roentgenograms and lepeate 
electrocardiograms continued to show normal findings. 

Six months after disc surgery, corrective vascular surgery was carried out transperitoneally througli ; 
lower right rectus incision. An aneurysmal sac, measuring appro.ximately three centimeters in diameter, wai 
found at the right common iliac vessels. The sac was obliterated by ligation of the arteiy and vein above aiu 
belo«' it. After this procedure, the patient was given a right lumbar sympathetic block. Blocks were repeatec 
daily for several days. The postoperative course was without incident. He was allowed up after a week, will 
permission to increase graduall.v his physical activities. Walking a moderate distance at fiist caused vagui 
aching in the right calf, which seemed to be relieved by an elastic stocking. After a shoit. time, the patieni 
abandoned the use of this support and had no further complaint. He remained, throughout hospitalization 
unusually grateful for the immediate relief he had obtained from the sciatic pain b^' the disc surgery. Be wiv 
never made aware of the exact nature of his vascular condition, which had necessitated operation. 

DISCUSSION 

Tlie ease ii ith which this complication can occur can only be appreciated by the 
surgeon in whose hands such an unfortunate incident has happened. The gravity of the 
complication would indicate that prevention ivould be the best cure, but it must be 
emphasized again that the accident reported here happened while the surgeon was at- 
tempting to avoid just such a complication. 

Four other known but unpublished instances of similar vascular damage, each with 
grave result, are known to have occurred. The fatal outcome in the majority of these cases 
places this complication among the dire surgical emei-gencies. Upon the slightest suspicion 
of vascular injury, large amounts of whole blood sbonld be made available at the earlie.st 
possible moment. Decision in the diagnosis and treatment may be difficult. In any instance 
where the patient’s circulatory condition shows marked change, liowever, there would 
seem real indication to attempt immediate repair of the vascular injury. ]3eeau.‘.e of the 
potential danger to a patient undergoing dksc surgery, it would scorn advi.sable to deter- 
mine routinely before operation the blood type and the Rh factor. 



CRITERIA FOR .SPINE FUSION FOLLOWING REMOVAL OF 
PROTRUDED NUCLEUS PULPOSUS * 

BY GUY A. CALDWKIJ., M.D., AND WILLIAM H. SHEPPARD, M.D., NEW ORLEANS, LOUISIANA 
From the nrpnrlmrnl of Orlhopnedics, Ochsner Clinfr, Xew Orleans 

Most orthopaedic surgeons who have written about the treatment of the t 3 'pical disc 
s\-ndromc during the past ten j-sars have favored removal of the protruded disc, combined 
witli spine fusion in a large proportion of cases. Ghormle}' and associates, in 1942, adn'sed 
spine fusion, if sciatic pain exists with spondj’lolisthesis, spondjdoh'sis, luinbosacral 
arthritis, or a combination of these. In 1944, Smith, Deer\% and Hagman extended these 
indications to include “an unstable joint, as determined b\' roentgenogram, with or with- 
out s\'mptoms of back pain”. Barr wTOte, in 1947, “It appears probable that the trend is 
toward fusion of the spine, at the time of laminectomj', in an increasing number of these 
cases. The thesis that even.* patient should have a spine fusion done at the time of laminec- 
tom\* is tenable.” Thus, a wave of enthusiasm for the combined operation has been en- 
gendered, which maj' not be justified bj' the results obtained. 

The results of laminectomj' irithout fusion have been reported bj' Lenhard. Love, 
Barr, and others; and. although thej' indicate that the back and sciatic pain is relieved 
in 53 to 67 per cent, of the cases, as reflected in the answers to questionnaires sent to the 
patients, manj* were not completelj' relieved and still complained of some degree of pain 
in the back. It has been assumed, therefore, that the pathological changes in the disc pro- 
. pressed after operation, because of instabilitj’’ of the joint; and that these changes could 
have been prevented bj' supplementing removal of the protruded nucleus with fusion of 
the involved segments of the spine. Comparison of groups of cases with and without spine 
fusion, published bj' Bair; Ghormlej', Love, and Young; and Smith, Deerj', and Hagman, 
indicates a higher percentage of good results from the combined procedure, based on 
follow-up examinations or answers to que.stionnaires sent to the patients. However, reports 
from an insurance companj' bj' ^larble and Bishop indicate that the combined operation 
gave good results in onlj' 14 to 40 per cent, of cases. 

Since 1938, patients with the tj'pical disc sjmdrome have been examined and treated 
at this Clinic bj' the Departments of Orthopaedic Surgerj' and Neurosurgerj'. .A few com- 
bined operations were performed in the earlier j'ears, but it was noted that most patients 
were relieved of all disabling sjnnptoms bj' removal of the protruded nucleus pulposus 
without the fusion operation. Therefore, the policj- of conservative treatment was adopted 
for most patients; and, if this failed after a reasonable trial. Dean H. Echols, neurosurgeon 
at the Foundation Hospital, operated to remove the protruded nucleus. Spine fusion has 
been performed only if disabling backache has persisted for a year or more after laminectomy; 
and as a result, few fusions have been necessarj'. Since this plan of treatment is contrarj* 
to present trends and j'et the results have been satisfactorj' both to our patients and to 
ourselves, it would seem worth while to present an analj'sis of our obseiA'ations of patients 
operated upon bj' Echols at this Clinic, three to seven j'ears ago. During this period. 151 
laminectomies were performed; and, of the patients operated upon, ninetj'-eight returned 
for re-examination. 

Erroneous impressions of the results in some of the previous reports maj' have ari.-en 
from the use of questionnaires answered bj' the patients. .Additional errors maj' have re- 
sulted from inclusion of cases in which protrusion of the nucleus pulposus was not demon- 
strated at operation. To obviate these errors, this studj' has been restricted to the .=eventj'- 

’ Head at the .Annual Meeting of The .American .Academv of Orthopaedic Surr -on', Chicago, niinoi^ 
Januan- 27, 194S. 
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five patients in whom protrusion of the nucleus pulposus was proved at operation, an 
who have returned for roentgenographic and clinical re-examination. Cases which wer 
eliminated from this study included (1) those patients upon whom spine fusions were don 
at the time of the original operation; (2) those patients in whom no definite pathologicf 
conditions could be found to account for symptoms; and (3) those patients in whom otln 
pathological lesions could be demonstrated to explain the symptoms. Of the remaining 11 
patients who might have returned for re-examination, only seventy-five returned. In orde 
to make the observations as impersonal and objective as possible, the patients were es 
amined and the results evaluated by one of the authors (W.B.S.), who had had no previou 
contact with this group of patients. An attempt has been made to answer the followin 
questions : 

1. What are the results in terms of function? 

2. What changes occur in and about the intervertebral disc from three to seven 5 ’’eai 
after operation, as observed in the roentgenogram? 

3. Do the functional end results correlate with the pathological changes in the disc 

4. Are the end results related to the existence of anomalies and thin discs? 

5. Does protrusion of the nucleus pulposus recur consistently with anomalies o 
postoperative narrowing of the disc? 

The functional results were tabulated as excellent, satisfactory, or misatisf actor i 
Results were considered excellent if the patient was in complete agreement with the exami 
ner that there Avas no disability resulting from the original pain in his lower extremit; 
or back, or from the operation performed. Results were satisfactory if the patient, in spit 
of minor difficulty Avith his back or limb, i-eturned to full-time AA’ork AAuthout disability 
Unsatisfactory results AA^ere obtained in those patients Avho could not AA'ork full time becaus 
of persistent pain, or in those patients Avho AA'ere completely relieved of the initial pain i: 
the back or limb, but in AAdiom sy'-mptoms developed later, necessitating a second operatior 


TABLE I 


Functional Results in Sea’enta-five Cases op PROAmD Protrusion of the Nucleus Pulposus 

(Surgeon’s Evaluation) 


Result of Operation 

No. of Cases 

Per eeni 

Excellent 

32 

42.67 

Satisfaetory 

30 

40.00 

Total good results 


82.67 

Unsatisfactoiy 

13 

17.33 

Total 

75 

100.00 

Good functional results — that is. 

the total of excellent and satisfactory 

results — Avere 


obtained in sixty-tAvo patients, or 82.67 per cent, of the cases (Table I). To these might be 
added the six recurrent cases (Table II) in AA'hich good results Avere certainly obtained be- 
fore and after recurrence, — a total of sixty-eight cases, or 90.67 per cent. These results 
from laminectomy alone compare faAmrably Avith the results in cases l eported by Ghormley 
and associates; Smith, Decry, and Hagman; and Barr, in AAdiich the combined operation 


AA'as performed. . u. r. 

In 19-16, Friberg and Hirsch reported a similar survey' of later operative rcsu s alter 
simnlc remoA'al of the protruded nucleus pulposus. Tliey re-exammcd forty-.seven pa- 
tients fiA'e years or more after operation. Thirty-sc\'en patients had prme pio ru.sion; 
Sw ’from sciatic pain was obtained in or 8,3.8 per cent, o. .be p.at.cnts, a„„ 
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TABLE II 

SrMMART OF Good Results 


Remits 

Xo. of Casas 

Per cent. 

Excellent 

32 

42.67 

S.Ttisfacton- 

Recurrent (excellent nnd sati^fnetorj- result.^ 

30 

40.00 

liofore and after recurrence! 

6 

8.00 

Total 

68 

90.67 



relief from back pain in twenty-six, or 70 per cent. They have consistently avoided per- 
forming fusion in connection with extirpation because: “The patient wanting above all 
to get rid of the severe sciatic pains, we have considered the fusion as an unnecessarily 
great operation with regard to the considerablj' longer postoperative treatment, and we 
have reserved the stabilizing operation for those patients operated for prolapse which 
have complained of low back pains causing invaiidity." 

If so many good results can be secured by laminectomj' alone, the necessity of the 
combined operation may be doubted. Those who advocate the combined procedure be- 
lieve that recurrences may lie prevented by fusion and that disabling pain in the back, 
resulting from hypertrophic changes and progressive narrowing of the involved disc, will 
not occur. Love, however, has reported that protrusion of the nucleus pulposus has re- 
curred anterior to the spine graft in two cases in which successful fusion had been per- 
formed, and that later protrusions above the level of fusion have been observed. He noted 
Recurrence in only 5 per cent, of a series of 987 patients, traced bj' questionnaire or inter- 
view. 

The incidence of recurrence from three to seven j'ears after the first operation is 
S per cent, in our series, but without exception, these patients were relieved of pain in the 
back and lower limb for varying periods of time before and after the second operation 
(Table III). It is conceivable that stabilization of the affected segments of the spine may 
reduce the percentage of recurrences, but it must be remembered that the statistics of 
Bosworth and others on fusion of the spine show that failure of fusion occurs in 15 to 25 
per cent, of cases. If the low incidence of recurrences (Love. 5 per cent.; our series, 8 per 
cent.) is weighed against the possibilit}' of failure of fusion in 15 to 25 per cent, of the cases, 
one may question whether fusion is required, especially since it is kno^\■n that recurrences 
may take place even after successful fusion. 

TABLE III 


.A.n'.altsis of Six Recurrent C.ases * 


Case 

Xo. 

Period of Relief Prior to 
Second Operation 
{Monihs) 

Period of Relief after 
Second Operation 
Qfonlhs) 

1 

54 

27 

2 

66 

16 

3 

32 

62 

4 

12 

40 

5 

25 

10 

6 

36 

1 

Average 

37.5 

20 

* Pain in back and lower 

extremity relieved in all cases. 

except for.'hort period before second operation. 
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TABLE IV 

Analysis of Anomalies in Twenty-seven Cases 


Anomaly 


No. of Ca.sc 


Spondylolisthesis or spondjdolysis 5 

Sacralized process 9 

Spina bifida 4 

Asymmetrical facets 9 


Total 27 (36® 


TABLE V 

ConnELATiON OF Anomalies with Functional Result 


Functional Result 


Anomaly Present 


No. 


Per cent. 

Excellent (32 cases) 

11 


34.37 

Satisfactory (30 cases) 

13 


43.33 

Unsatisfactory (13 cases) 

3 


23.07 


Of the seven unsatisfactory cases (other than recurrences), satisfactory results we: 
finally secured in three, — in two b}'- means of spine fusion and in one by rhizotomy. Oi 
patient, who was relieved bj'’ decompression, subsequently became a narcotic addict. T1 
remaining three patients have definite neuropsychiatric sj’^mptoms. It is strongly suspecte 
that two of these have other protrusions of the discs which will eventually require remova 

Congenital anomalies, which occur in the lumbosacral region in approximately 1 
per cent, of all the patients, are thought to predispose to instability of the spine ivith coi 
sequent degeneration of the disc. It has been assumed that this instability would contini 
or increase after an operation for removal of a protruded nucleus pulposus, and cause na 
rowing of the disc with hypertrophic changes, accompanied b.y disabling pain in the bad 
With these thoughts in mind, we have reviewed the roentgenograms of all cases in th 
series, have determined the incidence of anomalies, and have correlated these finding 
with the functional results. 

One or more anomalies existed in twenty-seven patients, or 36 per cent, of all the cas( 
(Table IV), but the incidence was much less in the unsatisfactory group (including tl: 
recurrences) than in those Avith good results (Table V). One may, therefore, questio 
Avhether or not anomalies contribute to the unsatisfactoiy results, following simple lam 
nectomy for removal of a protruded nucleus pulposus. 


TABLE VI 

Postoferative Changes * 


Results 

No. of Cases 

Per cen 

No apparent change (3 to 7 yearn) 

Hypertrophic spurs, sclerosis only 

Disc narrowing onlj- 

Combined narrowing and hypertrophic changes 

23 

6 

13 

33 

30.67 

8.00 

17.33 

44.00 

Total 

75 

100.00 


* One or more clianpcs were pre.«e>nt in 52 cases (69.3%). 






^riNT. Kr>ios Koi.i.owixc vi. of xucf.ei:.'' pcl.po>t:s 


975 


- Hypertrophic cliniiRe.s. narrowing of the intervertebral disc (Figs. 1-A and 1-B), or a 
combination of both conditions, occurred in (59 3 per cent, of the case.s in our serie.=; (Table 
1 I). Tlie extent of such clianges varied greatly 

These postoperative changes occur more frequently among those patients with good 
results than among those with unsatisfactory- results (Table VH). Furthermore, there is 
no relationship between tho'e patients with advanced hj-pertrophic changes and the 
functional results. In several cases the most advanced hypertrophic changes occurred 
'among patients with excellent results. These findings were sui-prising, and seemed to 
contradict the supposedly logical deduction that hypertrophic changes of the vertebral 
bodies and facets arc a cause of di.sabling pain in the back. The authors wonder if the 
more serious and acute episodes of pain in the back are not caused by bulging of the 
nucleus pulposus against the annulus fibrosus and posterior longitudinal ligaments. Roofe 
has demonstrated large numbers of nen-e endings in the posterior longitudinal ligament, 
and Ehrenhaft has found evidence of them in the annulus fibrosus. Echols has repeatedly 


Fig. 1-A 

Roentgenograms of patient, fort_\-five >car« of age, shomng moderate narromng of fourth di'C and 
minimal hypertrophic changes, pnov to removal of protruded nucleus pulpo'U.s on &ptemhcr 19, 1942. 




Fig. 1-B 

Roentgenograms showing increased narromng of disc and hyjx'rtrophic changes, fi\e jear- Liti r Pa- 
tient returned to work within three months after operation and has never had significant rompUunt- 
referable to back. Result wa= rated cvccllent. 
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TABLE VII 

ConUELATION OF PoSTOrKRATIVE CHANGES 
WITH Functional Results 


Functional Result 

One or Rotli Present 

No. 

Per cent. 

Excellent (32 cases) 

25 

78.13 

Satisfactory (30 cases) 

17 

56.67 

Unsatisfactory (13 cases) 

10 

76.92 


demonstrated, at operations under local anaesthesia, that pressure against the annuli 
fibrosus and posterior longitudinal ligaments reproduces the pain in the back, of whi( 
the patient has complained. Moreover, clinical observation has shown that, as the typic 
disc syndrome develops, pain in the back is predominant until actual protrusion occur 
then sciatic pain becomes dominant. This indicates that after rupture of the annuli 
fibrosus and ligament has occurred, tension is relieved and the pain in the back disappea 
or is greatly diminished. In view of these observations, it seems likely that too miu 
stress has been placed on the development of hj’’pertrophic changes as the major cause fi 
disabling pain in the back. 

After rupture of the ligament with protrusion of the nucleus has occurred and the pr 
truded portion of the nucleus has been removed, narrowing, with or without hypertroph 
changes, occurs in 69.3 per cent, of the cases, but the process continues without producii 
significant pain. Whenever attacks of pain recur, it seems probable that they are associate 
with bulging of the nucleus at the same or another level, rather than that they are due - 
hypertrophic arthritis. 

A careful evaluation of the thirty patients in the satisfactory group revealed thi 
with adequate postoperative treatment, excellent results might have been obtained i 
approximately 63 per cent, of the patients. It was found that although the symptoms pri 
duced by the protruded nucleus pulposus were relieved, treatment of the general physic 
and mental state had often been neglected. 

Prolonged severe pain and chronic disability diminish a patient's confidence in h 
ability to recover, and a fear of the pain frequently develops, which may persist for year 
Consequently, these patients had become sedentaiy, so that stiffness persisted and sor 
ness and fatigue appeared after any unusual activity. The patients attributed the; 
symptoms to the original disabilities rather than to the natural sequence of events. 

Obesity, poor posture, stiffness, and general weakness Avere the basis of the usui 
complaints in this group. More specifically, there Avere residual limitation of motio 
of the spine, AA'eakness of the abdominal muscles, mild contraction of the hamstring an 
hip-flexor muscles, and frequentlj’- AA^eakness of the extremity originally affected. 

As a result of these observations, stricter superAusion of these patients during con- 
Amlescence has been inaugurated, AAuth emphasis on: 

1. Weight control; 

2. A regulated increase in activity, compatible AA'ith tlie patient's age and general 
condition; 

3. Special exercises to strengthen and increase the suppleness of the iiiAmh^ed muscles; 

4. An explanation to the patient of the cause of the residual pain; 

5. Reassurance. This is perhaps the most important and may obAoate the necessity 

for other measures. 

SUM.MABV 

q’he results of this studA' in proA'cd cases of protrusion of the micleii.". lliiec to .scach 
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yr;iiy .'iftor ];iniinortomy uitlioiit tii.'-ioii. 'iiKSP'f flip following answers to the questions 
propounded earlier in tins discussion: 

1. I'^xeellenf and satisfactory result." can he obtained in as high a percentage of cases 
by laminectomy alone a.« by the combined operation. 

2. Hypertrophic changes of variable flegree. with or without narrowing of the disc, 
occurred in 09.3 per cent, of the cases studied. 

, 3. Functional end results do not correlate with or depend upon the presence or e.\-tenf 

/of such postoperative changes. 

( 4. The end results are not significantly related to the e.xdstence of anomalies. 

; 5. Recurrences took place in S per cent, of the cases studied, but did not seem to relate 

to the presence of anomalies or postoperative narrowing of the disc and hj-pertrophic 
changes. The number of recurrences was small, and there was nothing in the preoperative 
historj- and findings which indicated that protrusion would occur again at the same or 
another level. 

Most of the unsatisfactory results (other than recurrence of protruded disc) were 
such that spine fusion would not have improved them. 

COXCLUSIO.V 

There arc no criteria for spine fusion following removal of a protruded nucleus pul- 
posus. 
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DISCUSSION 

Dr. R.VT.MOND E. Lexhard, B.vlttmore, Jl.\RrL.\ND: The papers presented by Dr. Holscher and Dr. 
Caldwell are confined to a small but important phase of low-back care. 

I have had no experience with the unfortunate complication described by Dr. Holscher, nor do I know 
of any such occurrence in Baltimore. -As far as I can learn, the neurosurgeons who pen'orm most of the disc 
removals in Baltimore use a curette instead of a pituitary rongeur, becau.=e of the danger of penetrating the 
anterior ligament in attempting a complete removal of the annulus. The complication described by Dr. 
Holscher resulted, happil 3 - enough, in an arteriovenous aneuiv-sm instead of a rupture of the large vessel. 

Dr. Caldwell makes it clear that supeiwision of the treatment bi' an orthopaedic surgeon before and after 
operation is important; I think it is largeU" because of this fact that he has been able to report such a high 
percentage of good results. His patients have been given a reasonable trial of conseiwative treatment, have 
been carefullj- selected for operation, and have had adequate postoperative care. 

It is mj- feeling th.at the orthopaedic surgeon cannot escape the problem of low-back pain. In 194.5. I 
sun-ej-ed, bj- examination of the patients and b\' questionnaire, 513 cases in which operation had iH-en per- 
formed bj" a neurosurgeon. The patient.s’ backs were not fu-ed. The results were good in 04 per cent.; the, 
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patients wore able to carry on tlieir normal activities witli no syinjrtoins, or witii slight stiffness or weakiies 
that was not disabling. Twenty per cent, were improved, but laid symptoms which restricted their activitie 
at times. I feel reasonably certain tliat tlie juM-centage of good results could liave been higlier, liad the patient 
been more carefully selected for operation, or had they been more adequately treated from an orthopaedi 
standpoint after operation. 

Fourteen per cent, of the jiatients had had removal of the protruded jmrtion of the disc only; the other 
had had removal of the eutire tlisc or of multiple discs. The Id per eeut. had ro.sults that were as good as. o 
slightly better than, the others. 

I have had no personal e.\[reri(!nce with an analj'.sis of the results of the combined operation, but I hav 
believed that one should expect better I'esults from the combined operation in selected cases. I have suppose 
that congenital anomalies, narrowed interspaces, localized arthritis, sjjondylolisthcsis, and work potentialitic 
should influence one to advise fusion after disc I’omoval. It is enlightening to hear Di'. Caldu’ell’s finding 
that some of these factors are not neces.sarily indication.s for fusion. More analyses similar to his rvill help ii 
deciding the need for fusion. 

On the whole, I try to be conservative in the treatment of patients with low-back problems. The benefit 
of conservative treatment should bo exhausted Iieforc o.vploratioii is done; and the necessity for fusion shoul 
be carefully considei'cd. 


Dr. Jame.s W. SciiuArATK, S.'VX Fr.\.n'Cisco, Caui-’okni.v : Di'. Holscher has demonstrated tlie ease wit 
which serious vasculai' injuries can take place in the removal of l uptured intervertebral discs; it is surprisiii 
that such complications have not happened more frequently. Tliis is csjiccially true when one considers tli 
great number of disc operations now being performed and tlie enthusiasm \nth wliich some surgeons atteni)) 
to remove the entire intervertebral disc. 

Recently, at Stanford Hospital in San Francisco, a careful attemiit was made to remove the entire dis 
in several consecutive cases. In no case, however, did the disc tissue removed weigh more than one-third a 
much as a normal disc. The value of removing as much disc tissue as ])ossible is debatable, and the dangei 
have been dramatically demonstrated by Dr. Holscher. 

Dr. Caldwell’s paper was well written and ably presented, yet it will probably meet with disagreeinen 
Of the 151 patients upon whom operations were performed, tliere were tliirty-four in whom ruptured d\s( 
were not found at the time of operation. In what other ortliopaedic condition would a 20 per cent, error : 
diagnosis be condoned? Dr. Caldwell has admitted that Ghormley and Smith indicate a higher percentage < 
good results by the combined operation of disc removal and spine fusion, but he states that this reasonii; 
has been given a rude jolt by an insurance company which reported good i-esults in only 14 to 40 per cent. ( 
the cases. I would like to ask what percentage of Dr. Caldwell’s series Avere insurance cases. 

I took the liberty a few days ago of calling the State Compensation Insurance Fund in California: an 
one of their Medical Directors Avas kind enough to rcvicAV 200 cases in AA-liich disc operations had been poi 
formed. He reported 29 per cent, excellent results, 23 per cent, good results, 36 per cent, fair results, and 1 
per cent, poor results. I doubt, hoAA-ever, that orthopaedic surgeons could consider his fair results as approacl 
itig satisfaction. These patients Avere unable to return to their usual occupation, had considerable pain, aiA 
were given a permanent disability rating for a moderately sovei’c back condition. 

In 28 per cent, of these 200 cases, fusion A\"as done; the results were good to excellent in 50 per cent., fai 
in 26 i)cr cent., and poor in 24 per cent. In many of these cases, lioAA'CA'’ei', fusion AA’as done after a poor I’esiil 
had been obtained from the removal of a ruptured intervei-tebral disc. 

I have had personal contact AAnth four leading neurosurgeons, Avho perform practically all of the dis 
operations in the San Francisco Bay area. Taa’o of these men estimated that the combined procedure A\'a 
carried out in 50 per cent, of 900 cases; one estimated 10 per cent, of 500 cases; and one estimated 1 per cent 
of 400 cases. None of these men, I am sure, had any idea of the number of spine stabilizations performed afte 
the case had been returned to the orthopaedic surgeon. 

I haA’o made no mention of my oaa'h cases. By the use of bilatei'al leg traction and rotatoiy manipulatioi 
under anae.sthesia, Merrill Mensor and I have secured 80 per cent, of satisfactory results in a relatively hug 
scries of case.s. Less than 10 per cent, of our series have had operation. I AA’as tremendously interested in tin 


remarks made at the instructional course on loAv-back pain by H. Osmond-Clarke of London. He stated tha 
no more than 5 to 10 per cent, of his patients AA'ith disc lesions were operated upon. Later, in a private eon 
versatioii. he said that conservative treatment produced satisfaetoiy results in appro.ximately 80 pei- cent 
of the cases. His figures are conAparable with mine, although I believe that, Ijocauso of iiAAiAAcdiate relief frow 
pain foIloAA’iiAg manipulations, our cases liave a much .shorter peiiod of convale.scence. 

In closing the courae on loAA’-back pain, Dr. .loscph S. Barr predicted that, in the near future, all patient.s 
nnei-ited unoii for the removal of a ruptured intervertebral disc Avould liave tiie spine .sta ii mt . i. Cidd- 
n-ell’s conclusion AA-as equally draniatie: "TlAere arc no criteria for spine fusion fol owing remova of a 
nrotrmied nucleus pulposus”. Sucli Avidcly divergent vicAA’.s, exprc.s.scd by capa > ( nan, <on.s i u <• 
rnclute m^cuce of a faulty knoAvledge of the subject. The answer midoubtedly hos sonieivhere heriveen 


these tAVO extreine-s. 
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It K my firm coiwiction ficfore Or. Uurr - pri ,;i, tu)i> cume' trui-, and a.- j. rf.-ult of improved 
nvinipulafive t('rliniq\i(; and other ron^ervative treatmmi tie operation for the rern ival of the ruptured 
iutera'crtohral (li‘-c will have Ix'en di--earded. 


Du. Jo^r.ni S. IKuu. no--Tov, M k'-sm-iii .xi/rr'.; I wi-h fir-t to e\-tcnd nu personal and sincere appre- 
ciation to Dr. Hol'icher for lii- paper. He ha.s rallcal the attention of thii large group to a disaster which 
may occur in a n’lativelv simple --urgieal procedure I know of one -urh case which he did not mention; I am 
iin.‘ the others are well-dociiinented ca-sc-. 

Dr. C-aldwell has rcviewaal a series of crcsi" of ruptured intervertebral disc, operated upon at the Ochsner 
'linic without spine fu'ion: and he has attcmptcil to compare the results wath similar series of ca.=es reported 
rom other clinics. His first conclusion is that excellent and satisfactory results can be obtained in high a 
wrctmtage by laminectomy alone a- by the combined operation. It is difficult to compare series from different 
linics. and particularlv dangi-roiis when the same cntcria are not used. In our series, reported Ia.st year, we 
lelilicratcl V discarded the eliLssifiration of excellent, good, and unsatLsfactorx . and we did not use tho-e term-s 
n the pairer. We had each of our patients fill out a questionnaire in which we asked for the following specific 
nfonnation: 

1. Do you have back pain? 

2. Doc-s your back fiai .strong? 

3. Can vou stoop, twist, and lift without back discomfort? 

A total of 23-1 such questionnaires were returned, and Oa of these patients came in for .x-ray and clinical 
:xamination. Comparing 132 cases treated in our hospital without fusion with 102 in which fusion had been 
lone, we found that the percentage of fu=ed cases without symptoms was definitely higher than for the un- 
used cases. I doubt the adxisabitity of comparing our cases with fusion and Dr. Caldwell's cases without 
usion, especially since ho apparcntlv did not a-sk the same questions we did. 

-Veurosurgeons in certain clinics in this country removed ruptured intervertebral discs without spine 
usion. If thev liad been satisfied with the results, they would have given little time to consideration of spine 
usion. Yet, in the majority of good clinics, fusion versus non-fusion Is a x’ery Ih’e question. In most clinics, 
here is a trend toward the combined operation. 

There is opportum'tv for improvement in the surgical technique of the combined operation, but great 
strides have alrcadv beeA made and it is now essentially as safe as disc removal alone. Convalescence is not 
undulv prolonged, and in our hands the percentage of completely sjTnptom-free cases is higher than in the 
reties 'without fusion. One might ask why not wait and fuse at a second operation, if the patient has symp- 
toms? These patients have a«uallv had months or years of disability before operation. They have had a major 
operation for relief of their sciatic pain. After convalescence, many of them still have some back pain. They 
lave learned to lead a life of somewhat restricted actunty. The pain is usually endurable; their finances may 
have been exhausted, and the p.atient may refuse to have another major operation for pam which islessthan 
completelv incapacitating. I have seen a number of cases in which the psychological impact of repeated 
surgen- and long-continued disability has produced chronic, confirmed mvalifcm^ 

I 'agree that end results are not related to the existence of anomalies. Dr. CaldweUs figures seem to 
show that we are much better off if we have hypertrophic spurs on our vertebrae than if we don’t. I can only 
say that such spurs are commonly conridered to be an integral part of the aging process, and that none of 

us like to age prematureh'. , „ rr- 

In Dr Caldwell’s seventy-five cases with end results, only 42 per cent, showed exceUent results. His 
conclurion'that “there are no criteria for spine fusion following removal of a protruded nuclea= pulposus” 
reflects a complacent attitude, incompatible with our continued struggle to improve our work. 


Db. W1L1.1.X.M B. Shepp.xrd (closing): I wish to thank the discussers. They were much kinder than I 

expected them to be. , , l - - -n- j - 1 

Dr Barr stated that we did not ask our patients the questions he a-sked in his questionnaire. We did not 

include those patients to whom we sent questionnaires but who did not have follow-up examinations, because 
we believed that these cases were not absolutely reliable for statistical purposes. In many in-=tance-'. it was 
difficult to obtain a comprehensive answer, even to direct questioning. For example, one woman’.- an-wer 
to direct questioning was: “Yes, I have back pain every day.-everx- time I lean over”. Further questionmg 
x-ielded the information that, after stooping over a tub of washing, she expenenced tramaton- pam when .=hc 
straightened up. It would not be fair to include her in the group with unsatisfactory result-, and yet -he 
could not be considered as having an excellent result. 

Dr. Schumate requested information on the number of patients who had compensation or in-urance. 
-Although we did not compUe statistics, we did question the patients in regard to the kind of in.-umnce they 
had and whether or not thev were still receixang insurance. We behex'e that the manner in which the in- 
surance is receix-ed is the important factor in determining the rapidity of recovery. One of the pafient-s in 
whom the result was unsatisfactory is still receix-ing SlOO a month as compensation. Howex-er, there were 
relatix’ely few compensation cases in this series. 
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Dr. Lcnhard called attention to the careful orthojiaedic supervision before and after the operation. It is 
true that every patient had careful orthopaedic treatment before operation; bid afterward, unfortunately, 
many of them were neglected. For this reason, we now request that the patients return to the orthopaedic 
surgeon for sti-ict supervision dui'ing convalescence. 


A RAPID METHOD OF CORRECTING DEFORMITY IN SCOLIOSIS 

PRELIMINARY TO FUSION * 

BY VINCENT A. SCUDESE, M.D., NEWARK, NEW JERSEY 
From the Hospital for Crippled Children^, Ncivark 

One of the difficult problems in the treatment of scoliosis has been to correct mechani- 
call}'- the deformity in those cases that are not amenable to exercise and physiotherapy 
A rapid and adequate method of correction of the deformit}'-, preliminary to fusion, is 
suggested. This method has been in use for the past year and a half. The principle is tc 

correct the deformit}" first by means of the 
lateral flexion apparatus, and then to apply a 
retaining plaster cast which may be windowed 
for any operative work undertaken later. The 
procedure requires about one-half hour. 

The correction is obtained on the lateral 
flexion apparatus (Fig. 1), which is con- 
structed with two adjustable turnbuckle 
troughs, firmly hinged to a bar which can fit 
into the pelvic rest of a fracture table. It may 
be used for either children or adults. The 
troughs, one shorter than the other, are ad- 
justed so that when the patient is placed on 
his side in them, he may drop into a position 
of practically maximum correction with no 
tendency to fall off the apparatus. 

The patient is placed on the apparatus 
with the apex of his curve directly over the 
apex of the apparatus. The apex of his curve 
then acts as a fulcrum ; and the body weight, 
extending on each side of the apex, acts as a 
force that allows the scoliotic curve to con- 
form to the apparatus, which is curved in the opposite direction. Thus the force of correc- 
tion is great and must be supplemented by the lever-aim effect of that part of the body 
weight which acts at a distance from the fulcrum. Roentgenograms, taken of the patient 
on the apparatus at this time, usually show good correction of the curvature. This ma}' be 
made maximal by additional downward pressure, exerted on the upper and lower end.s of 
the body by assistants (Fig. 2). 

The lateral flexion apparatus eliminates many of the difficulties encountered in the 

* Read at the .\iinual Meeting of the New .Jorsej’ Ortliopacdic Society, Oetoljer II, 1917. 
ft^rvice of Toufick Nicola, .M.D. 



Fig. 1 

Lateral view of lateral flexion apparatus. 


Tin: jouKN'Ai. OF nox'E axd joint .suiiofiiv 



COl!I!i:CTION Of DLfOIlMlTV IN hCOLIOrtlS 


9S1 


f/ 


Maximal correction of curvature' may be obtained by downward pressure, exerted at the upper and 
lower ends of body. 

conventional methods of f ' ' ' '1' ~ jV s , i 

correction. It permits easy j — — M 

and rapid correction, with j M ^ 

more derotation of the spine [[ jm ‘ 

and reduction of the razor- <■' ^ , 

back deformity. • 

The essentials in the ■ ^ ’ 

management of a case of f ^ ^ \\ ‘-M it 

scoliosis by this rapid | W ^ 

method of correction con- | m 4 'f .■ 

sistin: i Jjj^ M i ■ 

1. Correct positioning | m M ^ J ’ 

of the patient on the ap- | ^ ^ 

2. Roentgenographic , ^ ^ 

determination of the amount ' FifTlT 

of correction, Shons patient mth corrective pla=ter ca.-t, a- well .a- apparatii- 

3. Immediate applica- and fracture table, 
tion of a plaster cast (Fig. 

3), extending from head to knee on the convex side of the body, from head togrr-.ater 
trochanter on the concave side, and covering both arm.- to the elbott s. 

Xote: ApprecLation i.s extended to.rToufiek Nicola, M.D., for hi- kindne--. adxaei , and v.iliLilil" -uz- 
gestions in the prepar.ation of thi'' aork. 


Shons patient nith corrective pla=ter ca.-t, a- well .a- apparatii- 
and fracture table. 
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BONE DISTURBANCES IN INJURIES TO THE SPINAL CORD AND 

CAUDA EQUINA (PARAPLEGIA) 


Thkir Prevention by Ambulation ''f 

BY ARTHUR S. ABRAMSON, M.D., BRONX, NEIV YORK 
From (he Vclerans Aihoiniotralion Hospital, Bronx 

Certain bone disturbances occur witli great frequcnc.y in injuries to the nerve contents 
of the vertebral canal. Some of these and their sequelae are often severe and crippling and, 
on occasion, may even be capable of shortening the life span. 

Among the many disturbances which occur in the skeleton in paraplegia are bone 
atrophy; soft-tissue ossifications ®; bone erosions, usually of the ischial tuberosities and 
trochanters osteom3^elitis in the region of decubitus ulcers; sacro-iliac fusion; and 
pathological fractures. The tenacious preservation of the joint surfaces is remarkable t 
Arthropathies occur rareljq instead of with the frequenc.y that would be expected, con- 
sidering the nerve lesion and the anaesthesia. Perhaps, as .Heilbrun and Kuhn suggest, 
more time must elapse before we can be sure that the wear and tear of activit3'' will not 
produce joint destruction. 

Of this group of bone disturbances, atroph3'' and soft-tissue ossifications are the most 
important, because of the disabilities the3'- ma3'’ produce, and because of the frequency o 
their occurrence. 


Bone Atrophy 

The loss of bone density in motor parab'^sis is well known The phenomenon o 
atrophy is commonly observed in paraplegia, ndiere, with the passage of time, the bonei 
below the level of the lesion undergo a greater or lesser degree of decalcification (Figs 
1 and 2). 

In differentiating osteoporosis (used in the strict sense of disuse atrophy) from othe: 
conditions producing bone atroph3'', the outstanding criterion is that the blood serun 
calcium, phosphorus, and phosphatase are normal h In his series, Soule showed this to b( 
true. In osteoporosis, there is no disturbance of the deposition of calcium into the boni 
matrix; but the la3dng down of the bone matrix itself is deficient h Jaffe reporting on i 
biopsy specimen taken from the eroded trochanteric ai'ea of one of the cases reported b3 
Heilbrun and Kuhn, said that there was progressive atrophy and resorption of the osseoiu 
tissue proper. Unfortunately, there was evidence of a good deal of inflammation in tin 
specimen, because there had been a decubitus ulcer in the region. However, this may b( 
histological evidence of osteoporosis in paraplegia. It would seem, then, that disuse was c 
major factor, if not the onb’’ factor, in the production of atrophy in paraplegia. 


Urinary Calculi 


In disuse atroph3^, the calcium output in the urine increases steadib’’ for a period oi 
about thirty da3"s; then it maintains a high level, presumably until function again takes 
nlace. This phenomenon has been observed, although to a lesser degree, in Jicalthj^ indi- 
viduals Avho have been put to bed with plaster fixation. Howard is of the opinion tliat the 
excess quantities of calcium thus appearing in the urine must be a major factor in t ic 
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Bone atrophy, observed as a result of non-ambulation, in tveo cases of spastic paraplegia of over two 
years’ duration with tlie lesions at the mid-thoracic level. Patient shown in Fig. 1 walked, but patient 
shown in Fig. 2 did not. Xote also the soft-tL'.suc ossification in the hip region in Fig. 2. 

production of stones in tiiese individuals. The stones are invariably calcium phosphate or 
carbonate in character 

Soft-Tissue Ossifications 

These ossifications have also been called “myositis ossificans circumscripta neu- 
rotica” % “para-osteo-arthropathies” ^ and “neurogenic ossifj-ing fibromyopathies” *. 
They may occur in a large variety of neurological diseases Soft-tissue ossifications 
in paraplegia occurred in a third of the cases studied by Soule, and in ^Meyer’s six cases ”. 
The less frequent incidences reported by some miters maj' be due to the lack of complete 
roentgenographic studies. 

Ossifications can occur in almost all soft tissue, and they appear most frequently in 
relationship to the larger joints, especially the hip. In cersical lesions, the\* may occur 
around the shoulder (Fig. 3); but thej" never occur above the level of the lesion. It is 
probable that, in the first phase, amorphous masses of calcium are laid down in the mus- 
cles. tendons, ligaments, and capsules. Then, true osseous tissue commences to form 
These ossifications may occur as early as twenty days after injurj' =. They may be multiple, 
and may or may not be connected mth the periosteum. Their formation is progressive to 
a certain point where they become stable, after which no new masses form and no old 
masses increase in size. In other neurological conditions, they progress as long as the lesion 
progresses. In this respect, thej' differ from traumatic myositis ossificans, the course of 
which is consistently regressive after the initial calcification. There is apparently no rela- 
tionship to local trauma or decubitus ulceration, and the size and distribution of the 
ossifications do not seem to differ with the site and severity of the lesion The ossification.- 
may be massive enough to surround the joint entirely, rendering it completeh* immobile, 
although lesser degrees of formation also may interfere with joint motion. ^lost important 
of all is the fact that many of the soft-tissue ossifications occur in conjunction with bone 
atrophj' '■ 

The intimate association of osteoporosis with ossifications makes it more than prolj- 
able that the excessive calcium mobilization from the bones is one of the predisposing 
factors in the production of ossifications. The fact that they occur only in paralvzed por- 
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Fig. 3 

Fig. 3: Bone atrophy and soft-tissue ossifications 
occuiring in the shoulder, in a case of lesion of the 
cervical cord. The ossifications never occur above the 
level of the lesion. 

Fig. 4: A case of non-ambulatoiy paraplegia. A soft- 
tissue ossification has fused the posterior aspect of the 
knee joint. This limb bears weight only when the pa- 
tient moves from bed to chair or from chair to auto- 
mobile. Despite the intense atrophy elsewheic, the vig. 4 

fusion has created a weight-bearing line along the 

posterior cortices of the tibia and femur. As a result, these cortices are dense. 



tions of the body, and in neurological diseases, is strong presumptive evidence that other 
factors also are active in their formation. 

This attempt to link the triad of osteoporosis, urinary-stone formation, and soft- 
tissue ossifications leads to the postulate that, if osteoporosis is prevented, stone formation 
and metastatic ossifications also would be prevented, or at least reduced to a minimum. 

Howard states; "We have as yet no true idea of the circumstances or stimuli Avhich 
induce bone cells to make new bone or what stimuli induce bone resorption. . . . Efforts 
should be made to determine the fundamental stimulus which is active in bone resorption 
in these patients. If it could be found, we might eliminate it and hence prevent atrophy 
of disuse, . . • Should such fundamental information become available, we might bo 
able to eliminate the problem of stone formation in these patients. ...” 

There are many clues in the literature as to the nature of this stimulus, although its 
exact mechanism is as yet unknown. In a monograph Avritten in 1920, Jansen made an 
attempt to disproAm Wolff’s laAv of bone transformation. The laAv states: "Wheresoever 
stresses of pressure and tension are caused in a bone, be it bj^ pressing forces or by pulling 
forces, formation of bone takes place". Tliis aa'us supposedly proved by the fact that bone 
trajectories crossed at right angles. This premise AA'as accepted for many years, but claims 
gradually appeared in the literature that tension AA'as not a bone-forming stimulus, but 
only pressure pla 3 "ed this role. Jansen, after a careful stud.A^ of the trabeculations of bone, 

came to the folloAA'ing three conclusions: 

1 Elements of cancellous tissue do not alAA'a3's cro=:s at right angles, and tberetoie < o 

oot coincide Avith the directions of gieate.s't tension and greatest presume. 

not p„,, II, at l.a. to ,r.,-t fa., on oaK , 
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3. Rpsistinp bone elonuTits do not undiTpo tlupkcning on an infiea.se in tension, as 
is tlie case on an increase of jncssnrc. 

Otiiers have elaimed tliat where tension is the primarj- force to which the bone is 
subjected, it. is the stimulus for the production of bone; this is also true of pressure, where 
pressure is the primary force The subject may he controversial, but one fact stands out 
clearly; Pressure, in paralyzed lower extremities, is the stimulus for bone formation by 
reason of the fact that pressure is the primary force (Fig. 4). 

Weinmann and Sicher state: “The pre.^.sure-bearing bones or parts of bones are like- 
wise reinforced by the production of new bone, a fact which is less obvious and therefore 
often unrecognized ”. 

It is commonly accepted that the metabolism of calcium in relationship to bone is 
dynamic, and that bone will be absorbed if left alone. There is a negative calcium as well 
as nitrogen balance in injuries of the spinal cord. Since the fundamental disturbance is in 
the laying down of the bone matri.x, pressure is the stimulus for its formation. In the 
normal bone, as much or more calcium is being laid down as is being removed. In para- 
plegia, more calcium is being removed than is being laid down, due to the deficient matrix 
formation. 

Therefore, longitudinal pressure (or pressure along the axes of the lower extremities) 
should be used as a therapeutic agent to prevent disuse atrophy, and, secondarily, to 
minimize its sequelae. Weinmann and Sicher state that long-continued pressure or stresses 
beyond the phvsiological limits of the bone may produce bone atrophy instead of con- 
densation. Since ambulation by means of crutches and braces is a form of intermittent 
pressure, it is as much within the physiological limits of stress as is normal walking. The 
minimum amount of ambulation necessarj' to prevent bone disturbances has not been 
^ determined, but there is some evidence to the effect that ambulation must be started earl}', 
and that it must be considerable. Neither has the effect of ambulation on ossifications 
which have already formed been determined, but Soule s findings indicate the possibilitj 
that regression mav occur. He reported three cases of regression, in at least one of these 
cases, regression started after ambulation had commenced. It is logical to assume that 
the atrophv is reversible, and that it should be corrected as soon as pressuie again pro- 
duces bone matrix. 

Statistical Evidence 

In this stud 3 ’', onlj’’ those patients were selected n ho had complete lesions, or at least 
lesions which did not permit ambulation without braces or crutches. The majoritj of the 
patients led a wheel-chair existence. 

In accumulating statistics to support this A-iew, considerable difficulty was encoun- 
tered. It is an unfortunate fact that, despite eA'^erj’’ incentive, paraplegics in this group 
at anj^ rate — have an aversion to ambulation. For the sake of making the distinction be- 
tween ambulation and non-ambulation clear-cut, the criterion for ambulation was arbi- 
trarilv set as at least two j’ears of walking for an hour or more nearK ca erj daj . This 
criterion was chosen because it Avas discoA’ered that this a\ as the maximum amount of 
ambulation done, in this series. It Avas feared that AAith any other criterion, intei-pretation 
Avould be difficult and dangerous. 

Only eight cases Avhich fit into the ambulation categor 3 - Avere found. Forty-eight 
patients could be considered almost completel}’ non-ambulatorA'. for about tAA'o or three 
A-ears after injury. From one to fourteen urinarA' calculi each deA'eloped in tAA-entA'-one of 
these fortj^-eight patients. Thirty of these patients Avere examined roentgenographically. 
and tAventA'-five AA'ere found to have osteoporosis, A-arj-ing in degree from mild to severe. 
Soule reported a lesser incidence of atrophy in his series, but his ca.ses Avere of shorter 
duration, and some of his patients had a degree of recoA-erA- of motion Avhich may haA-e 
rendered them partiallj' ambulatoiy. 
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Fig. 1 Fig. 2 

Brace No. 1, viewed from front and back. 


and the normal muscle or group of muscles. The antagonist can move the limb normallj'', 
and the spring Avill return it in the opposite direction when the normal muscle is relaxed. 
Such a spring must be of just the right strength to “float” or balance the part betiveen it 
and the normal or uninjured muscle. 

Two braces have been made. The first one gave limited motion. As muscle function 
returned, changes Avere made in the brace to alloAv increased movements of the arm. Brace 
No. 1 (Pigs. 1 and 2) AA^as made in February 1943. The essential purposes and features of 
this appliance Ai'ere as folloiA^s; (1) It served to maintain the arm at a convenient height in 
abduction (45 degrees), so that the hand could function usefully. (2) Since the external 
rotators Avere useless at first, the appliance had also to support the forearm at a convenient 
leA^el for Avorking and keep it from dropping (rotation of arm iniA^ard). (3) Flexion of the 
forearm Avas provided by an elboAV joint and a spring (the triceps extends the arm, the 
spring pulls it back). (4) A support had to be pro Added for the hand, as the extensors of the 
Avrist Avere at first too Aveak to prevent Aiadst-drop AAdiich might result from fatigue. This 
support Avas removable and AA^as AAmrn only AAdien the hand AA^as not in use, as Avhen the 
individual Avas Avalking or sitting. (5) ForAA’-ard and backAvard action of the arm AA'as 
permitted. 

As time passed, the pectoralis major, AA'^hich AA’-as not badly damaged, AA’-as able to pro- 
duce strong for AA'^ard motion; the infraspinatus and teres major became strong enough to 
produce backAA^ard motion, but not until the end of t^venty months did they produce ex- 
ternal rotation. 

An.A'^ sturdy body brace or jacket AAdll suffice to support the arm brace. At first duralumin 
AA'as used, but this proved to be unsatisfactory; and steel had to be used in the body brace 
to AA'ithstand the strain of the functioning arm, acting as a leAmr against the body. It is quite 
eAudent that stronger bod3'’ braces are necessary AAdien the arm is in use than Avhen it is 
held quietly. With the brace described here, the patient is able to drive an automobile and 
to enjoj'' gardening, as aa^cII as to resume the actiAm practice of general surgeiy. 

Arm Brace No. 1 

Figures 1 and 2 illustrate the first brace made, AAdiich incorporates the five features 
mentioned in a preceding paragraph. 


1. To Mawtam the Arm in Abduction 

A three-eighths-inch rod of cold rolled steel of sufficient length (Fig.s. and 2,jVp 
is bent at a 45-degree angle. The longer end rotates in a tube (iV) and a aa-cII (P), fixed in 
the body cast- a shorter end holds the arm cuff (//,), Avhich is made of duralumin and lined 
rith latta The eff is riveted to the throB-sixteonths-inch steel her (i,)i this .s sevo„. 


AA 
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eighths of an incli wide and long enough to leaeli to the elbow, with steel rivets to with- 
stand the strain. The steel bar is. in turn, riveted to a steel block {U), two inches by five- 
eighths of an inch by one inch, Avith a half-inch flange on each end to hold the rivets. The 
block is bored to take the three-eighths-inch rod {M). The undersurface of the arm end of 
this rod is filed flat, so that the two screws (Fig. 1, S and Si), which are threaded into the 
block (['). Avill impinge upon this flat surface, preventing rotation of the arm cuff. The 
lower of the two screws is for fixation of the upper end of the biceps spring (.4). 

^ 2. To Support (he Forearm 

The steel arm bar (L|) is articulated with the forearm steel bar (L) (Figs. 2 and .3). 
This is made of material like that of Li, tapers to three-quarters of an inch in Avidth, and is 
beveled to fit the supporting trougli (K) which carries the forearm cuff (H). The bars for 
the arm and forearm are bent downward slight!}' as they approach the elbow joint, to give 
room for the medial malleolus of the humerus. Further skin protection is added by a 
tongue of leather, extending downward from the arm cuff and padded with a piece of 
sponge rubber (Fig. 2,10- 

The forearm cuff is pivoted (Fig. 1,.7) to the trough (/v) (Figs. 2 and 3). Theoretically, 
as the forearm is extended, the forearm bar should follow in a parallel line; but, because 
the humerus is surrounded by soft tissue and therefore cannot be held firmly in one place, 
the elbow joint moves forward and backward. To allow for this excess motion, the forearm 
cuff is pivoted at and more readily folIoAA's the a.xis of the forearm as it is e.xtended or 
flexed. 



Fig, 3 

Brace Xo. 2 viewed from front, arm rotated outward to show construction. 

Inset a: Spring end-fitting, O, which revolves around shoulder of stud, F. 

Inset b: Steel ball (C), brazed to milled fitting and quenched. 

Inset c; LcA'eragearm (Ci)and retaining plate (CJ allow ball to rotate between them, forming 
universal joint. 
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3. To Produce Flexion of the Elboio 

The brace elbow joint (B) is a simple joint, with a rather large pivot and a stop 
which prevents the forearm from reaching 180 degrees in extension. This stop is necessary, 
for, if the forearm Avere alloAved to extend to a straight line, the spring (A) Avould be 
projected beyond the line of pivot and Avould not, therefore, bend the elboAV in returning 
the forearm to a flexed position. 

The spring (Figs. 1,A and 2, A), an ordinary screen-door spring, i*eaches from the 
lower fixation screAv (S) to the adjustable thumb screw (/). Spring end-fittings (Fig. 3, 
Inset a) were devised to keep the spring pulling constantlj" in a straight line and revolving 
around the points of fixation (F and Oi). 

After Brace No. 1 had been used for several months, the flexion of the elboAV due to 
returning strength in the muscles made it possible to change the angle of the spring with 
forearm bar (Fig. 3, L), L is supplied Avith several threaded holes (G), to take both the ad- 
justable thumb sereAvs (7) and the stud (F)*. As the spring is shortened by moving it 
farther tOAvard the elboAv, more Avork is throAvn on the flexor muscles of the elboAV. Great 
care must be exercised to guard against tiring the AA'^eakened muscles. 

4. To Support the Hand 

This Avas necessary for only a fcAV months in the early phase of the disability. The 
hand support is made of a three-eighths-inch steel bar, three-quarters of an inch Avide and 
of sufficient length to reach from the palm of the hand back into the trough (7C), from 
AA'hich it can be removed AAffien desired. 

5. To Allow Forward and Backward Motion of the Ann 

The steel rod (il7) AAffiich supports the arm drops through a piece of steel tubing an 
inch long (A) into a steel Avell (P). This mechanism has proA’^ed most valuable, not only 
in giving free motion of the arm forAA^ard and backAAmrd, but in facilitating the putting- 
on and taking off of the brace. To put it on, the body part of the brace is applied to the 
chest Avail first, then rod M is dropped through tube N into aa'cII P. In Brace No. 2 (Fig. 3), 
rod M is short. After both the long and short rods had been tried, it AAms found that the 
long rod Avas preferable. The shorter one alloAA’-s some AA^obbling and unnecessary Avear of 
both the tube and the rod. 

Operating Cuff and Technique 

As the patient for AAdiom this brace Avas made is a general sui’geon, certain special 
features had to be incorporated to permit an adequate “scrub-up” technique. The forearm 
cuff is removable. When the surgeon is operating, the cuff is replaced by a shorter cuff 
Avhich can be pushed up near the elboAv; this permits scrubbing of over half of the fore- 
arm, To add further assurance against Avound contamination, a sterile sleeve, extending 
from the AA'^rist to the shoulder, is put on after sci’ubbing, before the hands are dried and 
the usual sterile operating goAAm is donned. This giA'-es tAA’-Q thicknesses of sterile material 
over the elboAv brace. 


Arm Brace No. 2 

Rest and moderate use of the arm and shoulder muscles resulted in paitial letuin of 
function in this patient. In late Maj”- or early June of 1944, about tAventy mont s a tei 
the operation, the patient noticed i-eturn of external rotation. Immediate stii les aacic 
uAade to alter the brace in order to alloAV external rotation and also elevation ° ^ 
as the deltoid aa'os also becoming stronger. Brace No. 2 (Fig. 3) was c evise avi 

» In Brace No. 2, the stud (F) is substituted for thumb screw (7) to liold spnnf; OS'). '' ‘ ^ 

is used only for fixation of the forearm cuff (77). 

Tiin jouR-VAr. or nosr. a.vp JoiJ^ v 
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versjil joint (C), provided for external and internal rotation of the arm. A compression 
spring (D) was added to supplement the function of the improving deltoid. 

Universal Joint (C) 

This joint is set about six centimeters in front of the center of the humerus, in order 
that the arm and forearm may counterbalance each other, making rotation easier. A steel 
ball (C) (Fig. 3, Inset b) is brazed to a milled fitting (/?) and quenched. The steel ball 
rotates in a pressed socket, formed between a leverage arm (Ci) and a retaining plate (Cs) 
(Inset c). The leverage arm is screwed to the lower part of the steel arm bar (Li), just 
above the stop joint (B). 

The universal joint is supported bj* a three-sixteenths-inch steel supporting rod (Q). 
connecting the milled fitting (R) of the universal joint with the rod (ill), which drops into 
the steel tube (.Y) on the side of the bodj* brace. This sji_u ..ig rod is hinged vertically to 
ill. allowing vertical motion; (J is also hinged vertically at R. 

AbJvclion of the Arm, Aided by Compression Spring (D) 

The compression spring (D) substitutes for the weakened deltoid and coracobra- 
chialis. The weight of the arm and the weight of the brace compress the spring down to a 
stop which will maintain the arm at 45 degrees of abduction while at rest. The spring must 
be strong enough just to balance the arm and brace weights at 45 degrees and also to com- 
pensate for the friction of the brace. The deltoid and coracobrachialis will, therefore, have 
to overcome onlj- the inertia of the arm and the brace in order to further abduct. Several 
springs were wound before one was obtained, by trial and error, that would meet these 
requirements. The spring is made of 0.063 music wire, eight and three-quarters inches long. 

^ outside diameter five-sixteenths of an inch, with thirteen turns per inch. It rides on a three- 
sixteenths-inch steel rod, five inches long, welded into the milled fitting (R) at its lower 
end; the upper end plays freely in the lower hollow end of the steel rod (Di). This rod is just 
long enough to stop the arm at 45 degrees of abduction. Di is a half-inch steel rod, two 
and one-half inches long, flattened and bored at the upper end to take a screw, fastening 
it to M, rotating verticallj' on the screw in M. 

With brace No. 2, there has been increased function in the movements of the arm 
and forearm. 


Xote: .Acknowledgment is hereby given to .Alfred Blalock, M.D., and the late It alter Dandy, M.D., of 
the Johns Hopkins Hospital, and to ^Ir. and Mrs. Henr^- O. KendaU, Children’s Hospital School, Baltimore, 
for many helpful suggestions. 

It is possible that, in the future, hidden spring joints may be substituted at the elbow and shoulder, if 
they can be made sufficienth' powerful. Under such circumstances, there would be less tearing of clothing. 
Leather coverings have been used over the springs to protect the clothing. 

These braces have been submitted to the medical departments of the .Army and Xaw, and received 
special encouragement from Captain J. S. Barr and Lieutenant Commander Hunter Sheldon, formerly of the 
Xaval Medical Center, and Captain Hugo B. Rizzoli, formerly of Walter Reed General Hospital. 

Because of limitations of space, a full description of each of the parts is not included. Such a description, 
covering tj-pes of material and methods of manufacture, may be obtained by writing to the authors. 
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CONTROL OF FOREARM ROTATION BY A KIRSCHNER WIRE 

BY STERLING BUNNELL, M.D., AND LOT D. IIOWAIW, JR., M.D., 

SAN FRANCISCO, CALIFORNIA 

It is often necessary to immobilize the arm in some position intermediate between 
pronation and supination. The customaiy •\va,y to prevent tlie movement of pronation or 
supination is to apply a right-angled elbow splint or cast, reaching to the axilla. A simple 
method for temporary fixation is presented here, which in selected cases makes it unneces- 
saiy to splint above the elbow. 

AVith the forearm placed in the desired degree of rotation, a firm Kirschner wire, 
snipped off obliquel}'' with a wire cutter, is drilled through the ulna and well into the radius, 
just above the wrist. This effectively'^ stops all pronation and supination. The wire is cut 
just outside the skin, and is withdrawn when its usefulness is over. 

This procedure has been used routinely by the authors. It has proved very advan- 



Fig. 1 

yietliod of internal splinting with Kirschner wii-c, to maintain forearm rotation in any desired position. 
Exlernal splinting is not required. 


tageous in preventing rotary displacement from an exact position, when a patient's hand 
is placed over his abdomen in the application of an abdominal pedicle skin flap. 

The method is effective in arthrodesing a wrist.* For this purpose, the cast may' 
terminate at the elbow, rather than being extended to the axilla. In Colles’s fracture, pain 
is present in the distal radio-ulnar joint during the first three weeks, if the motions of 
pronation and supination are not checked. The pain may be avoided by such temporary 
pinning. 

* In arthrodesis, the Kir.'^chner wire should be imbedded in the cast. 



THE Tin:ATMEXT OF SUPRACONDYLAR FRACTURES OF THE HUiMERUS 
BY KIRSCHNER-WIRE TRANSFIXION 

HY ALVIN L. SWKNSON. M.D., I’lIOLNIX. ARIZONA 

TIio troatment of supracondylar fractures of the humerus in children may be quite 
difficult if there is an unusual amount of swelling about the elbow. Extreme swelling, 
with blister formation, is generally found in patients who are fir.st seen several days after 
the injury, or in whom previous attempts at reduction have been made. The ordinarj- 
closed reduction and immobilization with the elbow in acute flexion maj’ be impossible, 
because of the danger of \'olkmann's ischaemia. In patients with extensive swelling, elbow 
flexion much beyond a right angle may obliterate the radial pulse or shut off the venous 
return, whereas immobilization in the safer right-angle position will frequenth' allow the 
fracture fragments to slip. 

Occasionally, supracondjdar fractures of the humerus are difficult to hold in position, 
even though the elbow is not greatly swollen. A supracond 3 'lar fracture ma^* be suffleienth' 
oblique to make it difficult for a good reduction to be maintained, even though the limb is 
immobilized in marked flexion. In this tj'pe of fracture, the fragments are quite likeh* to 
slip if the arm is immobilized in a position approximating a right angle, because of marked 
swelling about the elbow. The rather rare “flexion” tj'pe of supracondj'lar fracture maj* 
be difficult to hold in position, because of the tendenej' of the distal fragment to* become 
angulated or displaced anteriorly, as in the original deformity. 

A relatively large number of cases involving the treatment of supracondylar fractures 
with extreme swelling were seen several j-ears ago at the Crippled Children’s Hospital in 
Oklahoma Citj'. Of a total of sixtj'-one cases reviewed, seventeen had been seen two or 
more days after the injurj', and in twentj'-two, previous attempts at reduction had been 
made. Most of this group of thirtj'-nine patients had such extensive swelling about the elbow 
that it was impossible to carrj^ out the usual method of closed reduction and splinting in 
acute flexion. Onlj' thirtj'-two of the si.xtj’-one cases showed moderate swelling; and these 
patients were seen earlj' enough to permit closed reduction and immobilization of the 
e.xtremity in acute flexion, thus maintaining the fracture fragments in good position during 
healing. Seven patients required two closed reductions in the Hospital. These second reduc- 
tions were necessary^ because the extensive swelling about the elbow at the time of the first 
reduction, and inabilitj' to obtain or maintain sufficient elbow flexion, caused slipping of 
the fragments. A further review of the method of treatment showed that si.xteen children 
had such extensive swelling, with blister formation about the elbow, that the treatment 
of choice consisted of suspended traction with a nire through the olecranon. In six patients, 
the fractures were treated bj' open reduction, because of inabilitj' to obtain satisfactory' 
reduction bj' conservative treatment (Figs. 1-A, 1-B, and 1-C). 

The maintenance of reduction in many' tj'pes of fractures has been accomplished 
frequently' bj' the use of transfixing pins or wires. Miller ’■ has described a ihethod of blind 
nailing of T fractures of the lower end of the humerus, which involve the joint. In the 
treatment of supracondj'lar fractures in children, with marked swelling, the WTiter has 
placed transfixing v'ires across the fracture, thereby' pinning the distal fragment to the 
humeral shaft. This principle is an extension of the method of Kirschner-wire tran>fixion 
of certain types of elbow fractures, described bj' ^Miller, to the treatment of supracondylar 
fractures in children, but differs from his method in the direction the wires are to be 
inserted. After the fracture has been reduced and has been transfixed bj' wires, the elbow 
need not be placed in acute flexion, but may be splinted at an angle of 90 or 100 degree.-: 
tliis position does not endanger the circulation below the swollen elbow. There is very' little 
pain folloiN-ing this method of wire fixation, and the patient is allowed to become ambula- 
tory' and to go home in a few day's. 
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TECHNIQUE OF OPER VTION 

After the fracture lias been completeh- reduced, the insertion of the transfixing wires 
not difficult. The reduction is checked by roentgenograms, and if found satisfactory-, 
assistant holds the arm on an arm board, with the elbow acutely flex'ed t^o maintain the 
" 'hiction, even though the radial pulse is temporarily obliterated. The elbow is allowed to 
■end Iicyond the end of the arm board and is prepared for operation. Using sterile tech- 
pic. the surgeon then selects two Kirschner wires of slightly different diameter; one short 
•schner wire is drilled through each condyle, across the fracture line, and into the 
Mineral shaft. In an extremely swollen elbow, it is difficult to palpate the condyles, but 
tci some of the oedema has beciJTiressed away, 

I he I'ony landmarks can generally be identified. 

The condyles can be palpated with the points of 
the wires, however, and some resistance may be 
noticed while the wires are being drilled through 
•he lione. Because of the forward curve of the 
di^t. I end of the humerus, and the increased 
w uit h at the condyles, the wires must be directed 
^lightly posteriorly and inward, at an angle of 
.10 or 40 degrees with the humenis, so that the 
'haft will not be missed (Figs. 2-B and 2-C). 

In the placing of the wires, or in the pal- 
pating of the condyles with the points of the 
wire-i, the elbow joint may be punctured, espe- 
cially if the wires are not inserted in the lateral 
portion of the condyles, if they slide off an- 
teriorly or posteriorly during the drilling, or if 
they are directed inward at an angle greater 
than 30 or 40 degrees. Such a puncture of the 



Fig. 2-4 




Fig. 2-B Fig. 2-C 

Fig. 2-A: D. tV. .4ged six. Roentgenogram shows supracondylar fracture of the right humertt-. 
treated by closed reduction on pret-ious day. Distal fragment ha.*; slipped posteriorly. Marked swelling 
about elbow prevented immobilization in more fladon. 

Figs. 2-B and 2-C: Roentgenograms show position of fracture after second clo-ed reduction and 
insertion of transfi.ving vrires. Xote that one wire is slightly laiyer than the other. TransS-ving pins 
are shown within the humeral shaft, holding the distal fragment in good position. 
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Fig. 2-D 

Roentgenograms shoiv position of fracture nineteen da 3 '^s after reduction and after removal of wires. 


joint generally produces no compli- 
cations, unless infection is intro- 
duced bj’’ the wires. Properly placed, 
the wires penetrate the medial and 
lateral condyles, where the commoh 
flexor and the common extensoi 
tendons attach themselves. The 
wires do not enter the elbow joint, 
since the capsule is attached just me- 
dial to the trochlea on the medial 
side, and just lateral to the capi- 
tellum on the lateral side. The wires 
should be inserted in the bone just 
beneath the condjdar ridges, and 
should strike the opposite side of the humerus about one and one-half inches above the 
fracture line. 

It must be remembered that the humerus is veiy thin in the supracondylar area, and 
that the wires may miss the humerus, if the fracture has not been completely reduced. 
Care must be taken not to injure the ulnar nerve, near the medial cond 3 de. Roentgeno- 
grams are taken to determine whether or not the wires are properl}'’ placed in the bone. 
When the lateral roentgenogram shows that one of the wires is outside the shaft, it is 
easier to determine whether the wire to be changed is the lateral or medial one, if wii’es 



of slightly different diameters are used. When the wires are in a satisfactory position, they 
are cut off at the skin surface, and the skin is pulled over them. A sterile dressing is used 
to cover the elbow, and a posterior splint is applied, with the elbow in approximately 90 


degrees of flexion. The wires are removed in about three weeks, under local anaesthesia; 
the splint may be continued for a few days longer (I'^igs. 2-A, 2-B, 2-C, 2-D, and 2-JD). 

This method of blind pinning has been used in the treatment of ten cases of supra- 
condylar fractures in children where extreme swelling was present about the elliow. 
There have been no infections around any of the wires, and in none of the patients has 
circulatorv difficulty or ^■olkmann’.s ischaemia developed. In none of tlie.‘'e cases has it been 
necessary ‘to use olecranon-wire traction. The wires have held the original reduction until 
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union occurred, M'ithont slipping, in all but one case. In this instance, the fracture slipped 
because one \\-ire, which was first thought to be -within the bone, proved to be outside the 
shaft, necessitating a second reduction and the insertion of another -wire. No difficulty has 
been experienced in removing the wires under local anaesthesia, since the wires become 
prominent under the skin after the swelling has subsided. No cases of injurj- to the ulnar 
nerve were encountered, and after removal of the splints, the patients made satisfactorc' 
progress in regaining elbow motion. 


COXCLUSIOXS 

The use of transfixing wires in the treatment of difficult cases of supracondjdar frac- 
tures of the humerus in children is especiallj' useful for patients who have such extensive 
swelling about the elbow, when first seen, that immobilization in acute fle.xion. following 
a closed reduction, cannot be carried out. Olecranon-wire traction is not necessarj', since 
the transfixing wires maintain the original reduction until union occurs. The danger of 
Volkmann’s ischaemia is lessened, since splinting in acute flexion is not necessary. Ten 
patients, first seen from two to six days following the injuiy, have been successfuUj' 
treated by this method of blind pinning. 

1. Miller, O. L.; Blind Xailing of the T Fracture of the Lower End of the Humerus Which Involves the 
Joint. .T. Bone and Joint Surg.. 21: 933-93S, Oct. 1939. 


\N OPERATION FOR OLD DISLOCATION OF THE SHOULDER 

BY JULIUS S. XEVLASER. M.D., W.ASHIXGTOX, D. C. 

The results of treatment of old dislocations of the shoulder, whether the treatment is 
I the consenmtive or the operative type, are frequently unsatisfactorj'. In cases char- 
acterized by intractable pain from pressure upon the brachial ple.xus, operation is usually 
indicated Two obstacles encountered at open reduction are. first, difficulty in replacing 
the humeral head because of fibrosis and shortening of the muscles, contracture of the 
capsule, and the presence of scar tissue in the glenoid fossa; and, second, difficulty m 
maintaining the reduction because of damage to the antenor portion of the capsule. In 
clironic dislocations, use of the tendon of the long head of the biceps to prevent red.sloca- 

tion has frequentlv been unsuccessful. . ,, , r , , . , i -i. i 

These difficulties may be lessened matenally by use of the technique to be desenbed. 
The operation was performed first upon a patient whose shoulder had become redislocated 
after an open reduction ivith implantation of the tendon of the long head of the biceps into 
the humeral head. It has now been used in sLx cases of old anterior dislocation. In all of 
these patients, attempts at closed reduction had been made; all had had a serious amount 
of persistent pain. 
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OPERATIVE TECHNIQUE 

The usual anterior incision is made in the deltopcctoral groove. The muscles are 
separated and retracted to expose the capsule, ivhich stretches across the glenoid fossa. 
The capsule is opened a longitudinal incision, about 4.5 centimeters in length, just 
lateral to the insertion of the subscapularis tendon. It is unnecessary to cut the sub- 
scapularis muscle; one of the hazards to the nerve supply of the deltoid is thus obviated. 
The attachments of the capsule to the neck of the humerus are stripped away by the use 
of a sharp curved periosteal elevator or a goose-neck chisel, aided by the fingers. The 
stripping should be carried be 3 mnd the greater tuberosity, and should include a portion 
of the neck below the lesser tuberosity. Subperiosteal separation of the muscles from the 
tuberosities does not interfere with their attachments to the musculotendinous cuff. In 
some instances, the parts of the capsule that require stripping can be identified by palpa- 
tion, with one or two fingers inserted through the opening in the capsule. After thorough 
subperiosteal stripping, the head is sufficient^ mobile to allow replacement without undue 
tension. The glenoid fossa is palpated and cleared of scai’ tissue. The surgeon then effects 



Fig. 1-A Fig. 1-B 

Fig. 1-A: Case 4. Dislocation of the left shoulder, one month after injuiy. 
Fig. 1-B: Vitallium screw holding the head in satisfactory position. 



Fig. 1-C 

Fig. 1-C: Bf'duction maintained .si.v weeks after removal of .screw. 
Fig. 1-D: Range of abduction, eigJit weei-- "f<“r onerafion. 
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roihiction by pusliinp; the Immoral liead laterally and posteriorly with one hand, while his 
other hand exert.-J a leverage action on the patient V elbow. 

.\n important part of the operation is the procedure for holding the head of the 
humerus in projier alignment. .\ small incision is made through the skin and other soft 
tissues directly lateral to the head of the humerus, and a long wood screw of Vitallium is 
inserted through the head into the glenoid fossa. If the capsule can be closed or its edges 
sutured close to the head without tension, this is done; if not. no attempt is made to close 
or repair the anterior portion of the capsule. It is believed that the remnants of the capsule 
contract about the head during the healing proce.ss, and that by the time the screw is 
removed, the head will be held firmly in proper position. For about ten days the patient's 
arm is strapped to his side in the position determined by the screw; then, after removal of 
the sutures, it is placed in a sling. Flexion and extension of the shoulder are encouraged 
while the arm is supported by the sling. Three or four weeks after operation the lateral 
operative scar is excised and the screw is removed, .\bout a week later, when the wound of 
the second operation has healed, the sling is discarded, physical therapy is begun, and use 
of the arm is encouraged. 

After this operation the patients have been relieved of their pain and the affected 
shoulders have regained useful function. The author believes that, if the arm can be 
actively abducted at the scapulohumeral joint to an angle of 60 degrees, the result may be 
considered satisfacton.-. One patient of the present series could abduct the shoulder oper- 
ated upon to 90 degrees. No harmful changes due to insertion of the screw through the 
humeral head and the glenoid fossa have been shown in roentgenograms. 

C.\SE REPORTS 

^ Case 1. W. .A... a male, aged forty-four years, was admitted to the hospital on December 12. 1942, with 
pain in his left shoulder, which had been injured. Roentgenograms showed a subcoracoid dislocation si.x 
weeks before. .After manipulation under anaesthe.«ia had proved unsuccessful, an open reduction was per- 
formed on December 16; and an attempt was made to hold the head of the humerus in position by means of 
the long head of the biceps, according to the method of Xieola. Postoperative roentgenograms showed the 
head to have been redislocated. On Februaiw- 2, 1943. a second open reduction was carried out and the head 
of the humerus was held in position by means of a long Vitallium screw. Roentgenograms showed that the 
reduction was well maintained. The screw was removed four weeks after operation. .An infection retarded 
thi.s patient’s recovery and delayed the beginning of his shoulder exercises. He was followed until September 
1943; at that time he had no pain and had regained a range of active scapulohumeral abduction of 60 degrees. 


Case 2. M. J.. a woman, aged si.xty-eight years, was admitted to the hospital on .April 9. 1945. Seven weeks 
before, she had fallen down steps and incurred a dislocation of the right shoulder. Following an unsuccessful 
attempt at closed reduction, the shoulder was reduced at open operation on .April 11. and the reduction was 
maintained bv means of a Vitallium screw. On May 16. the screw was removed under pentothal anaesthesia. 
.After discharge from the hospital, the patient had no pain; her arm could be abducted at the scapulohumeral 
joint actively to 45 degrees and passivelv to 90 degrees. The rwnge of exterrral rotation was 4.5 degrees; the 
patient could place her hand behind her back just above the belt level. Five months later, abduction could be 
carried out actively to 60 degrees and other movements were of about the same range as at the prexiou- 
examination. Roentgenographically. the shoulder was normal. 


Case 3. J. S., a woman, aged sixtv-two vears. was admitted to the hospital on March 20, 1946. Two and 
one-half months before, she had fallen and injured her right shoulder. Roentgenograms discloserl a .subcora- 
coid dislocation. .An attempt at closed reduction, nine weeks before admission, had been un.succcssful. On 
March 23, open reduction and Bxation with a Vitallium screw were carried out. While a bleeding vessel a-as 
being clamped, the posterior cord of the brachial ple.xus was pinched: this resulted in weakness of the deltoid 
muscle and the e.xtcnsors of the wrist. On .April 11, nineteen days after operation, the screw wa= removed. 
The patient received intensive physical therapy. She was last observed on December 5. 1946. at which time 
there was still weakness of the deltoid and wrist extensors, but no p.ain. .At the scapulohumeral joint the arm 
could be abducted to SO degrees and e-xTemally rotated 75 degrees. Upon internal rotation, the patient could 
touch her right buttock with her right hand. Fle.xion and exTen-sion of the shoulder were of satisfacton- range, 
and there was no pain. 

^”~''\:'0.A. XO 4. OCTOUKR 194S 



1000 


.1. s. NKVIASEll 


Cask 4. J. M., ;i iwin, ngcci Hfty-fivo ynirn, U’as adinitied to the Jiospital on January 28, 1946, because of 
pain in the left shoulder and numbness of the left hand. A month before admission he fell and sustained a dis- 
location of the left shoulder (Fig. 1-A). Two attempts at closed reduction pi’ovcd unsuccessful. At operation, 
on February 20, reduction was easily accomidished after the capsule had been incised and stripped from the 
humerus. A Vitallium screw was inserted. Postoperative roentgenograms (Fig. 1-B) showed the position to be 
satisfactory. The screw was removed on March 14, three weeks after ojicration. Pendulum e.x'ercises were 
carried out for one week with the arm in a sling, after which the idiysical therapy' was increased and active use 
of the shoulder was encouraged. The humeral head remained in jn'opei' jrosition (Fig. 1-C). Maximum abduc- 
tion eight weeks after operation is shown in Figure 1-D. The patient w'as last observed two and one-half 
months after operation, at which time the arm could be abducted actively at the scapulohumeral joint to 75 
degrees, and passively to 85 degrees. It could be externally rotated 65 degrees. The patient could internally 
rotate his shoulder sufficiently to touch the middle of his back at the belt level. He no longer had pain in the 
left shoulder, and the numbne.ss of his hand had disappeared. 


Case 5. V. H.. a man, aged forty-nine years, W'a.c! admitted <o the hospital on February 1), 1946, because 
of pain in the left .shoulder. About five weeks before admission, he had fallen down steps and injured his left 
shoulder. On admission, he complained of peisistent pain in the shoiddej- and of numbness of the left hand of 
five days’ duration. The head of the humerus could be palp.ated anteriorly. Active abduction was limited at 
30 degrees, and no active rotation could be carried out. Roentgenograms showed a fracture-dislocation of the 
loft shoulder. At operation, on February 15, the head of the humerus was i-educcd and held in position by 
means of a long Vitallium screw. The sci ow was removed on March 7, twenty daj's after operation, and the 
patient was allowed to use the man in a sling. A week later roentgenograms shou-ecl that the head was in 
satisfactory position; the sling was discarded and physical thei-apy ^vas started. Three months after operation, 
the patient had no pain and the numbness of his left hand had disappeared. He could actively' abduct the arm 
at the scapulohumeral joint to 60 degrees, could externalh' rotate it 30 degrees, and on internal rotation 
could touch the middle of his back at the belt level. 


Case 6. P. D.j a woman, aged thirty-nine years, fell on her outstretched hand on March 13, 1947, and 
sustained a fracture-dislocation of her left shoulder. An attempt at closed reduction on the day of injury had..^ 
been unsuccessful. Pain and stiffness of the left shoulder, and pain, numbness, and swelling of the left hand 
were present on Ma}" 2, at the time of admission. Active abduction of the shoulder was limited at 30 degrees, 
external rotation at 10 degrees, and internal rotation at 20 dogi’ees. A second manipulation wms unsuccessful. 
Accordingly, on May 6, open reduction was carried out and a long screw was used to hold the head of the 
liunierus in position. The screw was removed on June 2. Physical therapy wms started shortly afterward. When 
the patient-was discharged from active treatment on November 24, six months after operation, she had no 
pain or swelling. Her arm could be abducted at the scapulohumeral joint activelj’ to 90 degrees and passively 
to 120 degrees. E.xternal rotation was limited at 80 degrees; the range of internal rotation allowed the patient 
to touch the middle of her back three inches above the belt level. 

SUMMARY 

This operation for old dislocation of the shoulder offers the following advantages: 

1. The reduction is facilitated by opening the joint capsule and stripping it from the 
upper end of the humerus. 

2. The danger of injuring the axillary nerve is minimized by’’ avoiding division of the 
subscapularis. 

3. The relationship of the tendons to the musculotendinous cuff is undisturbed. 

4. Immediate redislocation is prevented by internal fixation with a transfixing screw. 

5. Surgical repair of the joint capsule is obAuated, and the capsule can be allowed to 
heal and contract. 

6. Stiffness of the shoulder joint is minimized by mobilization after early'- remoAud oi 
the transfixing screAV. 
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('(^XGEXITAL BILATERAL COMPLETE ABSEXCE OF THE RADIUS 

IX IDEXTICAL TWIXS 

UY RM’HAEL U. GOLDEXBERG, M.D., PATERSON', XEW JER.<EY 

/Vnm thi Orthnjxiffhc Scmcr, St. Jo^rph Hospital, Paterson 

Sinco a review of the available literature does not contain a report of congenital 
bilateral eompletc ab«enee of the radius in twin^. the following cases were considered 
worth recording. 


W. K. and It. E., twin lioy-, liavo been ob-en'ed ‘=inrc three months after their birth in December 19-38. 
Tlicy neighed four jimind^, two ounees, and three pounds, nine ounces, respectively, at birth. Physical 
examination of the other known members of the family rcx-ealed no exudence of congenital deformity. Each 
child presented bilateral club-hand wnth complete bilateral absence of the radius and of the thumb fFig. 1). 
W. E. had four fingers on the right hand, and two fingers (index and middle) on the left hand. R. E. had 
four fingers on each hand. Complete elbow motion was present in each child, except that in the left elbow of 
W. E., flexion was possible to only 90 degrees. The only other evidence of congenital abnormalitj' wa- a spina 
bifida occulta in each child, as demonstrated bx' roentgcnographic examination. 

.\t four months of age, treatment in the form of xvedging plasters was instituted. The deformities were 


corrected and braces xxerc applied to maintain 
the corrected position. In spite of constant ex- 
ternal fixation, the deformities recurred. 

Roentgenograms of TV. E., taken on 
August 13, 1946, showed bilateral complete 
absence of the radius. The ulna xxas thickened, 
xvith slight palmar angulation in its di«tal 
third. The right forearm (Fig. 2-.A) showed 
four carpal and four metacarpal bones xvith 
four phalanges. The left forearm (Fig. 2-B) 
shoxved three poorly differentiated carpal 
bones, and three metacarpal bones with two 
phalanges. The first metacarpal bones and the 
thumb phalanges were absent bilaterally 
Roentgenograms of R. E., taken on August 
13, 1946, showed bilateral complete absence of 
the radius. The ulna xx'as thickened and angu- 
lated, as in the case of TV. E. The right forearm 
(Fig. 3-A) and the left forearm (Fig. 3-B) 
showed four distinct carpal and four meta- 
carpal bones with four phalanges. The fir-t 
metacarpal bones and the thumb phalanges 
were absent bilateral^'. 

On Januaiy 9, 1947, when TV. E. xx-as nine 
years of age, a dorsox-entral lineal osteotomy, 
as described by Bardenheuer >, was performed 
on the right ulna. The distal two and one-half 
inches of the ulna xvas ostcotomized. The freed 
radial half of the distal third of the ulna, to- 
gether with half of the distal ulnar epiphx'si«, 
was transplanted and fixed betw cen the second 
and third metacarpal bones. The proximal 
portion of the graft was fitted into a pre- 
xiously prepared notch on the radial aspect of 
the ulna. The limb was immobilized in a circu- 
lar plastcr-of-Paris dressing. Six xxcoks later. 



a similar operation xvas performed on the left 
forearm. The same operatix-c procedure wa.-, 
carried out on both forearms of R. E. .Tt the 


Preoperatix-c photograph “hoxinng congenital cIub-h,Hnd 
deformities in txxins. „ r — > 


3»-\. so. X. ocrronmi lois 


- At the deformities in txvins. „ r — i xO 
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Fig. 2-A Fig. 2-B 

Roentgenograms of the right and left forearms of W. E., taken August 13, 1946. 




Fig. 3-A Fig. 3-B 

Roentgenograms of the right and left forearms of R. E., taken August 13, 1946. 
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Fig. 2-C 

\nterouosterior roentgenograms of both fore- 
•nis of W E., taken September 9, 1947, .showing 
jsorption of the gmft on the right .side. 



m 


Fig. 3-C 


Anteroposterior roentgenograms of bofl. fore- 
arms of H. E., taken September 9, Wh. 

THK joi'ii.VAi. or iio.vr; a.n'o jo ‘-ii'i} nv 
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tinu- of fivition of the proximal end of tlie 
praft into the previou'sU' prepared notch, the 
ulna was fnictunHl. Postoperative roentpeno- 
pranis of the ripht and left forearms showed 
the position of the hone prafts. 

Plaster immohiliration was discontinued 
on September 0, lfU7. Clinical examination at 
that time nwealed imjirovecl alipnment of the 
hands (Fip. -t). 

The operative result in the left hand of 
each child was satisfactorx’, since fusion of the 
left wrists was complctix The operative result 
in the ripht wrist of each patient was un- 
sat isf act orx-. Anteroposterior roentgenograms, 
taken on September 9, 19-17, showed that the 
grafts were well healed on the left forearms. 
The proximal end of the graft on the right 
forearm of each child had been absorbed 
(Figs. 2-C and 3-C). 

The parents were informed that, since 
the deformities would recur in the right 
hands, reoperation xrith a tibial graft was 
indicated. Permission for the operations was 
denied. When deformities of the right hand 



Fig. 

Showing the improved 
do recur, operative permL=i 



of the hands, 
be granted. 


1. B.xhden'heuer; Vorstellung von -1 Patienten, an welchen die totale Huftgelenksresection mit 
totaler Pfannenresection ausgefuhrt worden war. Verhandl. d. Deut'chen Gesellsch. f. Chir. fDreiund- 
zwandzigstcr Congress), 23; S5-87, 1894. 


BILATERAL TRAUMATIC SLIPPING OF THE PROXIMAL EPIPHYSIS 

OF THE HU-MERUS 

Report of .a Case 

BY R. D. BUTTERAVORTH, AI.D., .AXD E.ARXEST B. C.ARPEXTER. AI.D., RICH.MOXD. A'IRGIXI.V 

From the Medical College of Virginia Uospilah, Richmond 

Traumatic separation, fracture, or dislocation of the proximal epiphysis of the 
humerus has frequently been reported and is not uncommon in orthopaedic practice. 
However, a careful review of the literature from 1900 to the present time reveals no re- 
ported case of bilateral separation of the proximal epiphysis of the humenis of tratimatic 
origin. The following case is reported because of the unusual trauma inx-olved. 

R. R., a sixteen-ycar-old white male student, was admitted to the Medical College of Uirginia Ho-pital 
on April 2, 1947, following an automobile accident: he had been thrown from the rear of a truck when the 
vehicle struck a tree, while travelling at high .speed. The boy wa.s uncoa«ciou= for a few minute-- after the 
accident. He did not remember how he struck the ground, but in \-iew of the resultant tniuma, he probably 
landed on his outstretched arm.s. 
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On admission to the Hospital, the patient complained of severe pain in botli shoulders with inabilit 3 ^ to 
move either upper extremity. Examination revealed a well-developed, well-nourished, healthy young male. 
The blood pressure was 118 systolic and 74 diastolic, pulse 88, and respirations 22 per minute. Multiple bi uises 
and excoriations were present over the entire body and head. There was marked deformity of both shoulders, 
with adduction of tlie proximal portions of tlic humeral shafts. The appearance of the shoulders clinically 
resembled bilateial subglenoid dislocation. Ihc remainder of the phj’sical examination was negative. Roent- 
genograms (Figs. 1-A and 1-B), taken at tlic time of admission, showed complete bilateral separation of tlie 
proximal humeral epiphyses. Roentgenograms of the skull were negative. 



Fig. 2-A Fig. 2-B 

Roentgenograms of both shouldcis at the end of sixteen weeks. 


With gas, oxy^gen, and ether anaesthesia, the epiphyseal dislocations weie reduced under fluoroscopic 
vision without difficulty. Following reduction, a Velpeau dressing was applied to each arm. The patient’s 
recovery was uneventful, and roentgenograms taken at the end of eight and of sixteen weeks (I'igs. 2-A and 
2-B) showed abundant callus formation, with excellent position of the head in relation to the shaft on each 
side I^Iarked deltoid atrophj’ was seen bilaterally at the end of eight weeks, but the range of motion of both 
otiniilders was excellent. However, at the end of sixteen weeks residual atroph\- of the deltoid on the left 
tens noticed - the right deltoid had regained its normal tone and function. Neurological examination revea ed 
OnfoaraK-sis of the axilla^- nerve on the left. Examination at the end of twenty weeks showed impiove- 
mtt Paraly- - the loft. At that time there .as a goo<l range of motion of both 

shoulders. The deltoid atrophy was still marked. 
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BILATERAL FRACTURE OF THE PARS INTERARTICULARIS OF 
A LUMBAR NEURAL ARCH 

BY M.WRICE B. ROCHE, M.D.. ST. LOUIS. MISSOURI 


From the Dcjnrtvicnt of Surgery, Washington Uniiersity School oj Medicine, tSt. Louis 


The genesis of a defect or solution of continuity in the interarticular portion of the 
neural arch of a vertebra, known as “spondj'loschisis”, has been considered by some 
MTitei’s as congenital, by others as due to trauma ^ = 7, s Hitchcock demonstrated, 
by presenting three cases of spondylolisthesis with roentgenographic evidence of pro- 
gressive slipping of the fifth lumbar vertebra on the sacrum, that the region of congenital 
defects at the pars interarticularis is more susceptible to trauma than normal, intact 
portions of the spinal column. It is true, however, that an intact portion of the spinal 
column, free from congenital defect, is also susceptible to acute traumatic spondyloschisis. 
Such a case in a well-developed male adult is presented here, with roentgenographic 
evidence of the acute fractures and of osseous healing. 


V.C.B., aged twenty-two years, nas admitted to the Hospital on Febmarj- 1, 1947. On this date, the 
jeep in which he was riding accidentally overturned and he sustained multiple injuries. Examination at the 
time of entrance to the Hospital revealed a dislocation of the left shoulder, a fracture of the left scapula, 
a fracture of the transx-erse processes of the fourth and fifth lumbar vertebrae, and fractures of both sides of 
the pehis, including both ischial and pubic rami. The dislocation of the left shoulder w.as reduced and, 
because of the multiple injuries, the patient was placed on a Strj-ker frame. .Aidditional portable roentgeno- 
grams were then taken of the lumbar spine; bilateral fractures, 
involving the isthmuses on both sides of the neural arch of the 
third lumbar x-ertebra, w ere demonstrated in the anteroposterior, 
lateral, right, and left postero-oblique x-iews (Figs. 1-.4 to 1-E). 
The patient remained on the Stryker frame, for immobilization 
of the back and pelx-ic fractures, until May 30, 1947, at which 
time roentgenographic examination disclosed new-bone formation 




Fig. 1-.4. Fig- 1-B 

Fig 1-A; V.C.B. Anteroposterior xnew of lumbar spine, showing bilateral laminar fracture of the third 
lumbar x-ertebra. . , , , , . , 

Fig. 1-B; Enlarged 3 ntero|io=tenor xnew, to empha.'nze bilateral laminar fracture 01 the thiril luinhir 
x-ertebra. 
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Fig. 2-A Fig. 2-B 

Fig. 2-A; Anteroposterior r-iew, showing healed sites of laminar fractures of the body of the third 
lumbar vertebra. 

Fig. 2-B: I-ateral view of the lumbar spine, showing osseous healing of fracture rite* through the 
lamina of the third body Note absence of spondylolisthesis. 



Fig. 2-C Fig. 2-D 

Fig 2-C; Enlarged nght postero-oblique \iew, showing the healed site of fracture through the right 
pars interarticularis of the third lumbar vertebra. 

Fig. 2-D: Enlarged left postero-oblique view of the third lumbar vertebra, showing healel fraclun- 
site in the left pars interarticularis 

with healing of the fractures of the isthmu=es of the third lumbar vertebra iFig- 2-.A to 2-D) Tiie p-dvie 
and scapular fractures were aNo firmly united A normal" range of motion was present in the left -houidtr 
The patient was fitted with a Taylor spine brace, and was allowed to sit up and gradiiallv to n—unie normal 
activity. 

Very little mention is made in the literature or in textbooks on fraeture~ of this 
seemingly unique lesion, — acute traumatic spondyloschisis unaccompanied by spondvlo- 
listhcsis. Ghormley and Hoffmann reviewed S23 cases of vertebral fracture' of all tvpc'. 

>1. 30- NO. ocTOUnn isis 




encountered in the Mayo Clinic fi-om 1935 to 1939, inclusive. Fifty-one were fracture- 
dislocations. In 90 of the 772 I’emaining cases, lesions of the neural arch and processes 
were present. 01 these cases, thirt 3 '--three (forty lesions) occurred in the cervical region, 
four (five lesions) in the thoracic region, and fifty-three (one hundred and six lesions) in 
the lumbar region. A breakdown of these lesions revealed fractures of the odontoid process 
(seven cervical); of the laminae (nine cervical and five lumbar); of the articular facets 
(one cervical and thirteen lumbar) ; of the pedicles (three cervical and six lumbar) ; of the 
spinous processes (eleven cervical, four thoracic, and two lumbar); of the transverse 
processes (eight cervical, one thoracic, and eighty lumbar); and of the lateral masses 
(one cervical). No instance of a fracture through the isthmus of the lamina was noted 
in this series of 823 cases. 
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A LOCK SCREW FOR ATTACHING THE INTERTROCHANTERIC PLATE TO 

THE SMITH-PETERSEN NAIL 

BY JAltES R. HBRZ, M.D., KANSAS CITY, MISSOURI, A\D 
LOUIS W. BRECK, M.D., AND W. COMPERE BASOJI, M.D., EL PASO, TEXAS 

Tiie authors have designed a lock screw for secui’ing an intertrochanteric plate to a 
Smith-Petersen nail. The cannulated Smith-Petersen nail has been modified to receive a 
concentric screw, threaded for the left hand; this is inserted through a hole in the ordinary 
right-hand No. Lt-20 screw (J^ inch in diameter, 20 threads to the inch), attaching the plate 

to the nail. , , , x „ , • 

The present modification, combined with the lock screw, has placed greater cmpliasis 

on security without acfcimg to the uVffictrfty of application. Bccamo the left-hand scren- 
rotates counter to the right-hand screw, any friction tending to loosen the laftei auto- 
mafeal “Sten. the left-hand ace.v, ao th,,t the con.ponent parta of the nppara, ns e,.„- 

not come apart . 
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Figures 1, 2, and 3 show the nail and plate as used for the internal fixation of an inter- 
trochanteric fracture; Figure 1, 3, illustrates how the concentric screw passes through the 
No. ^-20 screw to engage the nail threaded for this purpose. Figure 4 shows the details of 
application and construction of the apparatus. A cannulated Smith-Petersen nail is shomi 
at 9. the proximal cannulated portion of which, S', has been threaded to a depth of one- 
quarter of an inch with a left-hand tap. The intertrochanteric plate is seen at 4> o repre- 
sents the ordinarj* No. M*20 screw through which a hole and seat. 10' and 10, have been 
bored for a left-hand No. 6-40 screw (5). 

As the apparatus is put together, it is readily seen that after the screw (Fig. 4, -5) has 
engaged the plate and nail, the concentric left-hand screw, 8, is placed through screw o 
to engage the left-hand threads in the Smith-Petersen nail easily; it is tightened by twist- 
ing in a left-hand or counter-clockwise direction. Bj" calculation, the combined tensile 
strength of the lock screw and main screw is sufficient to prevent breakage bj' bending, 
twisting, or shearing forces. 

The authors feel the combination of nail and plate offers definite advantages in the 
internal fixation of certain intertrochanteric fractures, and in other procedures about the 
hip joint where the shaft of the femur is to be fixed to the trochanter, head, and neck. 
These advantages are: ease of application of the parts separateh*; interchangeability for 
variations in the length of nail and plate required; versatility, bj' the bend that can be 
placed in the intertrochanteric plate at its angle; and stabilitj* from rotation, because of 
the presence of the three flanges of the nail. These advantages have been somewhat offset 
heretofore bj’ the lack of security afforded bj" the customarj' No. J<j-20 screw alone in 
holding the plate to the nail. It is felt that the lock screw described has increased the 
security Artthout decreasing the ease of application; its use takes little more time than the 
ordinarj' procedure. 

In addition, this nail plate can be secured with a serrated head on the nail and a well 
in the plate, which likewise has serration. The serrations help to lock the plate on the nail 
and prevent the turning of one on the other. 

This dertce has been used by the authors, and has proved successful. 
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AN UNUSUAL ANOMALY OF THE INFERIOR PORTION 

OF THE SCAPULA 

BY F. V. KIIOO, M.D., AND C. L. KUO, M.D,, NANKING, CHINA 

From the Department of Roentgenologi/, College of Medicine, 

National Central University, Nanking 

The following case is I’ecorded because of unusual features displaj'^ed bj'" the right 
scapula. 

F. II. )V. (Hospital No. 6691), a Chinese male of forly-t wo .years, was admitted to the Kung Li Hospital, 
Chengtu, Szechuan, in December 1944, because of nausea, vomiting, and hiccups, which had pei’sisted for 
seven da 3 's. There was a histoiy of a similar attack, several months before. He had had pain in the left 
side of the chest with fever about fifteen years Ijeforc. He gave no histoiy of trauma to the thorax, and 
inspection showed no obvious deformit}- or disabilitj' of the shoulders. 

Roentgenographic c.xamination of the gastro-intestinal tract showed signs suggestive of duodenal 
ulcei. During fiuoroscopj' of the chest, an unusual notching of the inferior portion of the right scapula 
was noted; the left scapula appeared normal. A roentgenogram of the right scapula (Fig. 1) showed that it 
was shorter than normal, owing to the absence of its inferior fourth. The most striking feature, however, 
was that the interior aspect, instead of being pointed, ended in two processes, one on each side, with a deep 
semi-elliptical notch between them. The notch was about 2.5 centimeters wide and 1.5 centimeters deep, 
as measured from the roc'nlgenogram. The medial process of this anomalous inferior portion of the scapula 
was somewhat blunt; it had a flat tip, measuring about 1.2 centimeters across. A tiny rounded projection 
of about 0.2 centimeter was seen, arising from the lateral part. The lateral process, which seemed to corre- 
spond to the so-called teres piocess 
designated by Hrdlicka^ was some- 
what lower and narrower than the 
medial process, and had two larger 
projections or spines. One of the 
projections, which pointed lateral- 
ward, was about 0.5 centimeter 
long; the other, which was directed 
inferiorlj', was 1 centimeter long. 
The rest of the scapula appeai'cd 
normal. Its axillaiy border, how- 
ever, was slightl}’’ wav 3 ^ in outline 
and mildly concave. The vertebral 
border was fairly straight, except 
for a mild inclination latcralwai'd 
above the spine of the scapula: this 
inclination represented the so- 
called fifth border of the scapula, as 
defined 63 ’' Hrdlicka^. FIuoroscoj) 3 ’ 
also showed a minimal amount of 
chronic fibroproductive tubercu- 
losis of the left upper lobe of the 
lung, associated with model at eh' 
e.xtensive pleural thickening and 
adhesions about the left lower lobe. 

DISCUSSION 

Hrdlicka and Gray have 
recently pre.sented detailed 
studies of the human scapula, 
including a re.sume of^ the 
previous literature. Hrdlicka - 
wrote; “Tlie scapula of man 



Fig. 1 

Shows shortening of scapula with unusual bifid appearance of its 
inferior extrcmit 3 '. 
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is one of the most interesting bones of his skeleton. It pre.sents numerous features and 
dimensions, . . . and many variations. Being essentially a functional product its anthro- 
pological value could hardly be expected to be ven.- great, nevertheless its variants have 
more or less of phylogcnic. ontogenic and racial significance.” 

According to Hrdlicka^: “The body of the scapula presents three main shapes or 
types, namely, the triangular or wedge-shaped, with the vertebral border'^straight; the 
concave (or biconcave), with the vertebral border (or both vertebral and axillarj') con- 
/ cave; and the convex, with its vertebral border markedly convex”. The general shape of 
the malformed scapula in the case presented in this report would seem to conform to the 
second main type of Hrdlicka, with mild concaWtj' of the axillary border. Hrdlicka also 
mentioned that “. . . the inferior angle ma\' present a distinct border (fourth border) 
instead of a point; and the vertebral edge may definitely bend at the terminal point of 
the spine, which gives a fifth border above the spine”. The scapula in our case also 
presented a mildly evident fifth border above the spine of the scapula. 

Hrdlicka illustrated five variants of the inferior angle (fourth border) of the scapula. 
A comparison shows that the scapula in our case corresponded somewhat in appearance 
to that of the fourth variant of Hrdlicka. except that in the scapula of our patient the 
central notching M'as much deeper, and correspondingly larger and longer processes were 
present on each side; and, in addition, tiny projections were seen, arising from these 
processes. Since the changes in our case were much more pronounced than those which 
Hrdlicka- would consider as variants, we feel that the scapula described here could reason- 
ably be considered as showing a developmental anomah' rather than just a developmental 
variation. 

Many statistical figures of interest, too numerous to be discussed here, are supplied 
by Hrdlicka. However, it will be pertinent to point out that, from an analj'sis of 1,285 
y' scapulae of males of various nationalities, Hrdlicka - found that a fourth border was 
present in 37.5 per cent, of all specimens, a fifth border in 10.4 per cent., and a com- 
bination of fourth and fifth borders in 24.0 per cent.; neither border was present in 2S.1 
per cent, of the specimens. He further stated that although, in general, “the two scapulae 
of the same subject closely resemble each other, yet there are numerous small and occa- 
sionally even marked differences in the shape as well as the size of the bones on the two 
sides”. Hrdlicka also found some sexual and racial differences; he discovered “that the 
juvenile scapula is far from finished in its form, but that it changes in many respects during 
the gi'owth, and perhaps even during the earlier adult period”. He believed that the 
additional borders of the scapula are of rather late development, and that “much of the 
ultimate form which the bod 3 ' of the bone achieves is of functional nature and due to 
muscular activitj'”. 
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DISLOCATION OF THE HEAD OF THE FIBULA 


BY CAPTAIN ROBERT J. VITT 
Medical Cotps, Army of the United Stales 

From the Orthopaedic Section, Station Hospital, Sendai, Japan 

Dislocation of the head of the fibula is a rare injuiy, usiiall.y associated with a fracture 
at a lower level in the tibia. The di.slocation ma}’^ occur backAvai'd. forward, outward, or 
upward. 

Anatomy of the Ttbiojibnlar Joint 

The articulation is an arthrodial joint, the opposing bones being covered with cartilage 
and joined by an articular capsule and anterior and posterior ligaments. The S3movial 
membrane, lining the joint, occasionaIl3’' communicates with the knee joint. The fibular 
collateral ligament joins the head of the fibula anterior to the apex, dividing the attach- 
ment of the biceps tendon into two parts. 

Mechanism of Injury 

The dislocation is usualb'’ due to direct trauma or, as mentioned previously, to the 
leverage produced b3'’ a fracture in the lower shaft of the tibia. In the four cases seen at this 
Hospital during the past 3^ear, all the dislocations resulted from parachute-landing falls in 
men whose ages ranged from eighteen to twenty. The history of the injury, as obtained 
from these paratroopers, was in each case one of a trvisting, lateral fall at the time of strik- 
ing the ground. Upon attempting to rise, they found that the knee felt "out of joint”. 



Fig. 1-A 


Fig. 1-B 


Fie 1-‘V- Auteropostorior roentgenogram, siiowing abnormal prominence of the fibulnr hear). 
Fif." 1-B; In the lateral \ne\v, the head of the fibula is .«een projecting anterior , . 


rr^Trr rrtillr'K’Al. CiV HONT^ AN’D joi.- 
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Exawijwtion 

Inspection showed that the knob of the fibular head was protruding anteriorlj-, the 
deformity being further confirmed by palpation. There was no noticeable swelling, and 
only slight surrounding ecchymosis. The four cases seen were anterior dislocations, and 
were associated with inversion ankle sprains of varj'ing degree. Extension of the leg was 
painful and limited to 160 to 170 degrees, with a similar 10 or 20 degrees of limitation of 
flexion. Both rotation of the leg on the femur and test of the fibular collateral ligament 
caused pain, but there was no evidence of tear of the cruciate ligament or collateral liga- 
ment. There was no evidence of hemorrhage into the knee joint. No sign of peroneal-nerve 
involvement was noted in an 3 ' case. 

Roentgenograms revealed forward and slight lateral displacement of the head of the 
fibula (Figs. 1-A and 1-B) . Roentgenograms of the tibial and fibular shafts and the ankles 
were negative for fracture in all four cases. 

' TREATNIEXT 

With intravenous sodium-pentothal anaesthesia, the dislocations were reduced bj' 
inverting the ankle, flexing the leg, and appljnng direct posterior pressure over the proxi- 
mal portion of the fibular shaft and head. The reduction was accompanied bj* an audible 
snapping. The fibula gave no indication of redislocation upon manipulation, but an elastic 
bandage was applied with a felt pad over the peroneal nerve. Check roentgenograms re- 
vealed reduction of the dislocation with no e^'idence of fracture. 

For the first week after reduction, the patients were allowed to be up on crutches 
without weight-bearing. ^lild flexion and extension and muscle-setting exercises were en- 
couraged. The second week, whirlpool and weight-resistance exercises were started, and 
weight-bearing was increased from partial to fuU. 

The patients were discharged from the Hospital at the end of the third week. Fol- 
low-up lisits revealed the patients to be asjTnptomatic, and in no case was there recurrence 
of the dislocation or sign of peroneal-nen’^e involvement. The men were discharged to full 
parachute dutj", two months after injurjL 

COMMENT 

In assuming the “parachute-landing position”, paratroopers are taught to fle.x their 
legs and keep their feet together. In this manner, the fibular collateral ligament and the 
biceps femoris are in a relaxed state. As sharp inversion of the ankle causes tension of the 
peroneal muscles, and a lateral twisting motion of the trunk is transmitted to the tibia, 
the fibula is free to dislocate anteriorh'. This, we maj- assume, is the mechanism of the 
dislocation. 

It was not considered necessarj' to applj- casts to these patients, inasmuch as the 
dislocation did not recur after reduction when considerable force was applied. 
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A MOBILIZER ATTACHMENT FOR THE STRYKER FRAME 


BY CHARLES FERGUSON, M.D. 

Uni led Stales Public Health Service 

From the United States Marine Hospital, Staten Island, New York 

Patients with injuries of the spinal cord are occasionally treated on a urological 
service, because of their urinary difficulties. These paraplegics are cared for on the Stryker 
frame, as a rule. 

It appeared that man}'’ of these patients could be further helped through exercise, 
and that, if they were able to move about through their own volition, their interest could 
be more fully maintained. 



Fig. 1 


It is possible to equip the Stryker frame with wheels, very easily and economically, 
for use as a propulsion device. A part of a child’s ti’icycle was attached to the Stryker 
frame, to be used as front running gear (Fig, 1). The wheels on the rear of the frame are 
swiveled, enabling the patient to propel the frame Avith comparative ease. When the frame 
is held in a stationary position, set scrcAA-^s lock the Avheels. 

This arrangement does not interfere AA-ith care of the patient on the Stryker frame. 
Position of the patient is changed according to orders. The apparatus greatly helps in the 
development of the muscles in the non-paralyzed portions of the body. 

Note: .Acknon'Iedgment is made to Micliael Mordovanecy, machinist, whoso skill was re.sponsiblc for 
this adaptation of the Stryker fi.amc. 
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:\IASSIVE HYPERPLASIA OF BOXE FOLLOWING FRACTURES 
OF OSTEOGENESIS IMPERFECTA 


Report of Two Cases 

HY WALTER E VVVDEMARK, M.D., SIOL'X FALLS, SOUTH DAKOTA 
AXD MAXLEY A. PAGE. M.D,, CHICAGO, ILLIXOIS 

From the Slirincrs’ Ho'^pital for Crippled Children, Chicago Unit 

Taao ca'Ps of Osteogenesis imperfecta haA'e been encountered at this Hospital in aaMcH 
an osseou« ma^^ doA'eloped rapidly at the fracture site, expanding in all direction^; it A\as 
accompanied by local heat, rednes", pain, and tenderness, and. in the case seen in the acute 
stage, by systemic fcA'er. In both cases, the question of malignancj- Avas raised by con- 
sulting orthopaedic surgeons; for this reason, the SAmdrome seems AAorth reporting. No 
lecord of this condition could be found in the literature at the time these patients were 
seen, although Dr. D. B. Phemister had seen a SAmllaT case some years before; the sata- 
drome has lecently been described by Baker '. 

Ca«e 1 H. r , a thrcc-\ car-old white girl, was admitted to the Ho-pital on February 12, 1944, com- 
plaining of pain and tcndemc'i in the middle third of the nght femur The child showed t\-pical -eaere 
O'tcop'atliATo^i', with blue solera and curacd, deformed eatrermties Phjsical and roentgenographic e\- 
aminations showed a transverse fracture of the middle third of the nght femur wath no appreciable displace- 
ment , this was splinted in plaster without preceding mampulation The patient remained comfortable in bed 
until March 25, when, without anv known trauma, clinical evidence appeared of a fracture in the middle 
third of the left humerus .-Iftcr roentgenographic confirmation of a transverse fracture, with the fragments in 
good po'ition. Buck’s e\tonsion traction wa.s applied in the longitudinal axis, one pound of traction being 
Used Thts held the fragments in good position The child was quite comfortable with the arm in traction 
until two week® after the fracture, when it was noted that the left arm was becoming larger, warm and re 1, 
and that it was definitelv tender There had been no known recent trauma, and there was no local ecchv- 
mo'i' The child became more uncomfortable, and would erv* when anv one touched the arm for the fir-t 
time, she had a low-grade fever with a temperature as high as 100 degrees The=e «>-mptoms continued and 
the hard, fusiform enlargement of the left arm expanded steadilv, extending downward distal to the elbow 

The roentgenogram® (Fig 1-A.) did not suggest mahgnancv . but, in vnew of the clinical course, a biop=x- 
was performed on August 24, five months after the fracture had occurred The mas- appeared gre-dv as 
rarefied cancellou® bone, with no suggestion of mahgnancv The specimen was studied at the Laboraton of 
Orthopaedic Pathologv, L'niversitv of Chicago, and the legion was reported to be benign \t thi® time the 
redness, heat, and tenderness began to regress A month later, the arm seemed le-s hard and a bit -mailer 
than It had been Slow regression continued (Fig 1-B) and the patient was di-charged to the Out-Patient 
Clinic on Xovember 2, 1944 

Case 2 S A , a six-vear-old white girl, was «een in the Out-Patient Clinic, complaining of multiple 
deformities of the extremities The historw- was that of severe osteogenesis imperfecta The condition began 
with several birth fractures and included more than forty sub-equent fractures Examination showed blue 
sclera and rounded nght-angled curves of both tibiae in an anteropostenor direction, which prevented walk- 
ing The nght femur was very large and fusiform the left was smaller Three vears and mne month- b -fore, 
there had been a spontaneous fracture of the nght femur, in its middle third The patient was =een bv Ik r 
local phvsician, who placed the limb m a plaster cast .According to the patient’® mother, the phv -ician then 
decided that the alignment was un~atisfactoiy, three weeks after the fracture had occurred, he manipulated 
the fragments into a more satisfactory po-ition and immobilized the limb m a plaster cast V> ithin the next 
few days considerable pain developed, and the physician removed the ca-st The thigh gradually iK-eame 
larger, the swclhng was fusiform, hard, and tender, and the area was hot and red Xo data are availabh 
regarding the systemic temperature 

A. little over three weeks after this development, while the swellmg was =till increasing, the moth* r t(X)k 
the patient to an orthopaedic dime of a umversity hospital, where she was seen by a leading orthoparshc 
surgeon The mother said that she w a® told the lesion was probably malignant Roentgenogram- wen lat« r 
taken, however, and the diagnosis given was a bemgn condition of the fractured bone The child -ub-*- 
quently remained at home in bed with the thigh splinted by pillow® The redncs-, heat, and tfnd'rn*— 
cleared up “within a few weeks”, according to the mother, and the fracture healed without furth* r incid* nt 
The huge sw elling did not regre-s, how cv cr, and the thigh ha.- remaincil considerabl v enlarg* *1 
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IJociitpenognims- of tin* lonj; honc'. wito taken at tin- >liniuT-' ffoipitai, that oi the nght femur being 
■how a in l^pm'2. The rhihi wa'- plarpd on tlic Hospital"' waiting Ii-.! for rorrectivc osteotomies of the tibiae. 



Fig. 1-C 


Biopsy specimen (X 240). Poorly defined cells, somewhat resembling earlj" cartilage cells, are diffusely 
distributed in a loose, basophilic granular stroma, with large vacuolar spaces, not resembling the tissue 
of callus or typical osteogenesis imperfecta. 




Fig. 2 

Case 2. Right femur, three years and nine months following the on=et of ma.^sive hj-perpla.^^ia. 


The syndrome presented by these two children is of interest partieularlt' in its dif- 
ferentiation from a malignant lesion, mj-ositis ossificans, or ossift'ing hematoma, and from 
the rare cases of osteomj'elitis at the site of a closed fracture. The clinical course and the 
microscopic histologj' (Fig. 1-C) differentiate it from these conditions. The exact nature 
of the process is obscure at present; it would appear to indicate a quantitatively exag- 
gerated repair reaction of the osteoblasts, whose qualitative defect characterizes this bone 
dj^splasia. 

1. B\keb, S. L.: Hypeqjiastic Callus Simulating Sarcoma in Two Ca.=esof Fragilita' O^-ium. J. Pathol, and 
B.actcriol., 58: 609-623, 1946. 
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ANTONIUS MATHIJSEN, THE DISCOVERER OF THE PLASTER BANDAGE 


BY J. VAN ASSEN, M.D., ROTTEBBAM, HOLLAND, 

AND HENRY W. MEYERDING, Af.D., ROCHESTER, MINNESOTA 


As I'oprcsoiitatives of the Interna) ional Society of Orlhopaedic Surgety and IVaumatolog}', the autliois 
had the honor of laying a wreath and of assisting at the dedication of the monument to Dr. Antonius 
Alathijsen, on October 24, 1946, in Budel, Holland. The orthopaedic surgeons of the world and members 
of the medical profession of Holland, Dr. Mathijsen’s native countiy, were proud to have one of their 
members receive this recognition for his invention of plaster bandages. 

Antonius Mathijsen was boim on Scjjtcmber 4, 1805, at Budel, a small village in North Brabant, Hol- 
land, the son of Dr. Ludovicus Hermanns Mathijsen and Petronclla Bogaers. He had seven brothers, of 
whom three likewise were phj'sicians, and two sisters. His father thought that Antonius should become a 
militaiy surgeon; the young man was first placed in the military hospital at Briussels, later in Maastricht, 
and finally at the large government hospital at Utrecht. He received his commission in the Army on July 
14, 1828, and the degree of Doctor ot Medicine from the University of Giessen in 1837. 

In 1831, Dr. Mathijsen took part in the ten-daj' campaign in Belgium, at Ypres and Breda, and was 
honorabl}’' mentioned and decorated. In 1851, while stationed at the garrison in Haarlem, lie worked at his 
plans for a plaster splint which would maintain immobilization of fractures of bone. Other methods had 
been tried by other men, but the results had not been good. Mathijsen e.vperimented until he found a new 
and more efficient method of making a plaster splint. 

Mathijsen wrote a monograph on a new method of application of the plaster in fractures, which was 
published in May 1852. In the introduction to this volume he stated that he had tried, .above all, to find a 
good method of dressing the wounded on the battlefield. He pointed out that the majoriD' of these patients, 
injured bj'’ firearms, had compound fractures that rcquii-cd special treatment; and it was his intention to 
find an immobilizing bandage which would permit safe transportation of the patient. As he conceived them, 
the requirements of the bandage wei-e: (1) that it could be conveniently applied at once; (2) that it become 
hard in a few minutes; (3) that it be so applied that the surgeon would have access to the wound; 14)' 
that it be adaptable to the circumference and shape of the o.vtremitjL’ (5) that it be of such consistency 
that it would not be damaged by suppuration or humidity; and (6) that it be not too heavy or too expen- 
sive. 

Mathijsen’s plaster bandage was constructed after the principles of Seutin’s starch bandage. It proved 
to be economical and more practical than others used previously. He cut pieces of double-folded unbleached 
cotton or linen to fit the part to be immobilized; then the pieces were fi.xed and held in position b)' woolen 
thread or pins. The dry plaster, which was spread between the laj'ors, remained two fizigei'breadths within 
the edges of the cloth. The extremitj’- was then placed on the bandage, which was moistened with water. 
Next, (he edges of the bandage wez'o pulled over, so that they overlapped one another, and they u'ere held 
by pins. When an opening in the bandage was necessary, a piece of cotton wool, the size of the desiied 
opening, was placed between the compi-esses, so that this area I’cmained free of plaster. This typo of dressing 
afforded rest to the injured parts by immolnlization. In cases in which it was found necessary to enlarge the 
cast, enlargement could be achieved by the application of cotton bandages, four inches wide, j'ubbod with 
plastei' and moistened. 

Mathijsen’s own description of the plaster bandage was the first accurate one. In 1854, in a French 
treatise, he gave a report of his results after the application of the jdaster bandage, and he also mentioned 
various cases in which the patients had been treated bj' other surgeons. Moreovei-, he wrote to the Royal 
Academy of Belgium that the plaster bandage rvas his invention, and that it was not the result of col- 
laiioration on the part of several surgeons. In 1S57, he described a piactical pair of scissors for use in woiking 


with plaster. 

By 1856, the value of the treatment by means of the plaster bandage had become appreciated. The 
method was commended in the periodicals of the Society of Surgeiy and Obstetrics, in Amsteidam, and of 
the Society of Physicians, in Vienna (by Dr. C. J. Ccssncr). In 1876, Mathijsen was requested by one of his 
friends. Dr. M. W. C. Gori, to present his invention of fixation 1)3^ means of the plaster bandage at the 


Centennial Exhibition in Philadelphia, which he did. 

T^Ian 3 ' honors wore bestowed upon Dr. Mathijsen. He was made Knight of the Order of the Netherhinds 
Lion and of the Oak Crown of Lu.xcinbourg, Major Surgeon of the Dutch Army, and mombeJ- of the medical 
societies of Amsterdam, Hoorn. Utrecht, Brussels, Bonn, Halle, Vienna, Neuchatcl, and Zurich. 

When we consider the significance of this work, we must also bear in mind the status of treatment <> 
wounds and diseases of the extremities in the early ISOO’.s. Prior to Mathijsen’s invention, tlie 
a, liroken or wounded extremity was u-oefnlly inadequate, and .sucli treatment often led to seimus 1 1 


or to the loss of limb and life. 
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In 1S70, at a tinin wlicn Matliijscn's method of treatment of patients was not generally known, Zola 
in his famous hook, L<i DctHirlr, deserihed tlie appalling inadequaey of the treatment of the wounded. The 
higli mortality rate was markedly lessened hv the diseoverie.s of Pasteur. Lister, and Mathijsen. 

Or. Mathijsen died on June l-I, 1S7S, at Haniont, Belgium, where he is buriefl. 

1. Mathijsen. Dr. .\ntonius. Obituary. Xederlandseh. .Milit. Geneesk. .Arch., 2: .392—10.5, 187S. 


J.ACOBI'S V.AX ASSEN 
1SS1-194S 

The death of Dr. van .Assen on .August 1 marks the passing of a distinguished surgeon and an e.vceptional 
gentleman whose place will not easily be filled. He will be sorely missed in his family circle, in the larger group 
of his professional colleagues, and especially in that wider circle of the handicapped and disabled of his coun- 
tn.', to whom so much of his life was devoted. 

Jacobus van Assen was born in Zwolle, X'etherlands, on July 10, 18S1. He studied medicine in .Amster- 
dam and became a surgical assistant to Prof. Lanz. Later he became a.ssociated with Prof. Joachimsthal in 
Berlin. 

In 1911 he began his work in Rotterdam. An in.stitution, established in 1912 by Miss De Monchy, with 
the assistance of Dr. van .Assen, led to the opening of the Adriaanstichting in Hillegersberg, near Rotterdam, 
in 1914. The Adriaanslkhting, first projected as a home for physically handicapped and disabled children, 
became not only a home, but also a school, a hospital, and a training center for various occupations, the 
graduates of which might enter the world well equipped to earn their own lining. 

Dr. van .Assen’s thesis, presented in 1918, was entitled; “ Traiinialische Aandoeningen can hei Betcegings- 
apparaat" (Traumatic Affections of the Locomotor Apparatus). Well in advance of the thinking of that day, 
he recognized the surgeon’s responsibility not only for the general medical and surgical treatment indicated 
for the disabilities present, but also for the “mcdicosocial care” of the patient, to which attention wa.^ being 
directed for the first time. — a conception that covers an even more extensive field than is implied in the term 
“rehabilitation”. 

From this thesis two excerpts are significant: “It is often the task of the orthopaedic surgeon to treat the 
sequelae of injuries, which a long time after the actual injury still or again give cause for considerable or slight 
complaints. The books on orthopaedic surgerj- mostly remain silent on this subject, whereas the books on 
surgerx-, when discussing treatment of these injuries, do point out the importance of avoiding these conse- 
quences, but do not concern themselves with the treatment of these sequelae once they have arisen.” 

“.As a phx-sician, one should not consider one’s task to be ended, when there is no further need of perform- 
ing the surgical routine. One should look upon one’s task as finished, only when the patient is at his work 
again.” 

In Holland, van .Assen has done e.xtremely important work both as a clinician and in his medical writing: 
more than one hundred publications on orthopaedic and mcdicosocial subjects has he contributed to the 
literature. .Among other subjects, he wTote upon; “a vertebral deformity not yet described", a method for 
operating upon club feet, a method of treatment for sp.astic affections, and an osteotomy of the trochanter 
with pin fLxation. Together with the teaching personnel of the Adnaan-^tichling, he worked out a method of 
teaching athetotic children with good intellectual capacity how to write. 

A’an .Assen was a man of broad interests; he considered international e.xchangc of ideas necessarj". He 
was a Corresponding Member of the Belgian Orthopaedic .Association, and an Honorarv- MemlKT of the 
Dutch, French, and British Orthopaedic .Associations. 

He had been looking forward with keen anticipation to the Congress of the Sonili Irilcrnnlionalr tk 
Chirurgte Orlhopldique et de Traumatologic, to be held in .Amsterdam in September. He liad been eh'cted Vio- 
President of the Congress and had been active in preparations for it. In that memorable gathering, he was 
grc.atly missed. 
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News Notes 

Tl^ Sixtecntli Annual Meeting of The American Academy of Orthopaedic Surgeons will be helc 
at the Palmer House, Chicago, Illinois, January 22 to 27. 1949, 


The Western Orthopaedic Association will hold its Annual Meeting on November 3, 4, and 5, a1 
the St. Francis Hotel, San Francisco, California. 


An Egyptian Orthopaedic Association has recently been formed. The President is Prof. M, Kame 
Hussein, Professor of Orthopaedic Surgery at the Hniversit 3 ^ of Found, Cairo. 


The American Society for Surgery of the Hand will hold its Annual Meeting in Chicago, Januarj" 
21 and 22, 1949. The Secretary of the Society is Joseph H. Boyes, M.D., 1401 South Hope Street, Los 
Angeles 15, California; the Chairman of the Program Committee is Harvey S. Allen, M.D., 154 East Erie 
Street, Chicago, Illinois. 


The Seventy-sixth Annual Meeting of the American Public Health Association will be held in 
Boston, November 8 to 12, 1948. Delegates are e.vpected from all parts of the United States; from Canada, 
Cuba, and Mexico; from the Latin American countries; and from Europe and Asia. Executive Secretary of 
the Association is Dr. Reginald M. Atwater, 1790 Broadway, New 'i'ork 19, N. Y. 


From July 12 to 17, the First International Poliomyelitis Conference was held in New York City, 
under the auspices of The National Foundation for Infantile Paraljsis, Inc. Delegates from thirty-eight 
nations attended. Papeis were presented concerning the many phases of tliis disease; techniques of ortho- 
paedic nursing were described; and new methods of rehabilitation were demonstrated. A resolution was 
passed by the Conference to establish a permanent congress on poliomyelitis. 


The Annual Meeting of the Sociedad Espahola de Cirugia Orthopedica y Traumatologia, the first 
since 1936, was held in Madrid on May 17 and 18, under the presidency of Dr. M. Salaverri of Bilbao. 

Dr. J. Troncose of Vigo and Dr. San Ricart of Barcelona presented a paper on the treatment of scoliosis, 
emphasizing the importance of early diagnosis. They recommended operation, if conservative methods 
proved unsuccessful. 

Several papers concerned medullary nailing according to the method of Kiintscher. Dr. F. Jimeno Vidal 
of Barcelona discussed the complications produced by introduction of the nail, — alterations in bone physi- 
ology, infection, and disturbance of callus formation. His results with the method used in fractures of the 
upper extremity were unsatisfactoiy; he feels that the nailing is indicated only for transveree fractures of the 
middle third of the femur. Other authors, including Dr. F. Lopez de la Garma, of Madrid, Dr. Garcia Diaz 
of Oviedo, and Dr. Sierra Cano of Santander, presented more encouraging findings, especially in fractures 
of the shafts of the femur and tibia. 

Dr. Sanz Ibanez of Madrid reported experimental findings in mice inoculated with the virus of polio- 
myelitis; Dr. Salaverri presented seven cases of arthrogryposis; and Dr. Sanchfs Olmos of Madrid showed his 
results after os'teotom}^ of the femoral neck in the treatment of dislocation of the hip joint in paralysis. 

The 1949 meeting will be held in .Jerez, Sevilla, and Cordoba. 


The fii'st Inter- American Conference on Rehabilitation of the Crippled and Disabled was held in 
Mexico City from July 18 to 24, 1948, bj^ The International Society for the Welfare of Cripples, under the aus- 
pices of the Mexican Government Department of Public Health and Welfare. There wore nineteen countries 
represented as follows: Argentina, Uruguay, Venezuela, Peru, Colombia, Bolivia, Guatemala, Nicaragua, Costa 
Rica Ecuador, Honduras, Dominican Republic, Puerto Rico, Cuba, Canada, Spain, France, Me.xico, and 
the United States. The total registration of the Conference was 188; seventy-eight representatives wore from 
countries other than Mexico, and forty-five were from the United States. Many prominent orthopaed.e 

surceons were present from the Latin American countries. , , ,i 

Dr. Juan Farill, President of The International Society for the Welfare of Cnpph-.s, was the Chauman 
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of the Confcn’iiro. The inorninp scs^:ions, which were entirely on the social, economic, and medical problems 
of rehabilitation, were held in one of the conference rooms of the beautiful Palace of Fine Arts. The mid-day 
and afternoon sessions were clinic.al sessions, held at the Children’s Hospital, the Xational Institute of 
Cardiolopj', the Central Militarj' Hospital, and the Railroad Hospital. There were two afternoon sessions 
and two clinics presented by the orthopaedic surgeons of Mexico City and others. In addition, there were 
c.\hibits, and an afternoon session devoted to motion pictures shoeing different phases of rehabilitation. At 
the final session. Dr. Henrj" H. Kessler of Newark, New Jersey, succeeded Dr. Farill as President of the 
International Society. 

The social features of the meeting started on the afternoon of July 17, with a party given by Dr. Farill 
for the delegates and their wives. A banquet was given on the first night bj* the Department of Health and 
Public Welfare, followed on the third day bj' a visit to the floating gardens at Xochimilco with a mid-day 
banquet given by the Mayor of the City of Mexico, Lie. Fernando Casas Aleman, in honor of the delegates. 
-A. reception on this same afternoon was given at the American Embassy bt* the .Ambassador, Mr. Walter 
Thurston. On the final evening, a reception with a buffet supper was given by the Secretary of State, Mr. 
Torres Bodet, and the Department of State of Mexico, at the State Department Building. The kindness and 
hospitality of the Mexican Government and the doctors of Mexico City will long be remembered by all who 
attended. Time was allowed in the program for sight-seeing and visits to the points of interest in and about 
Mexico City. 

One of the distinctive features of the meeting for those from the United States was the excellent transla- 
tion from Spanish into English by the secretaries for the conferences and clinics. Dr. Farill is to be congratu- 
lated on the splendid organization and arrangements of the meeting. 


LETTER TO THE EDITOR 

In reference to the News Note concerning Dr. H. Earle Conwell’s introduction of the term “Comple.x 
Simple Fracture” on page 792 of The Journal (A'ol. 30-.A, July 1948), I have the following approval and 
criticism: 

The term “Complex” should most certainly be used to describe lesions of bone which involve branching 
fracture lines, joint surfaces, fragmentation, and such displacements as distort or disrupt adjacent non- 
osseous structures. 

However, the word “Simple” should then be used to denote the opposite state, — i.e., the fracture which 
has a fracttire line which is single, incomplete, or not displacing adjacent structures to a significant degree. 

I wish to add further a suggestion to abandon the time-honored, obscure terms “Simple” and “Com- 
pound”, which have referred to the state of the overij-ing skin, and in their places substitute “Closed” and 
“Open”, terms we already know in the field of treatment of fractiu-es. 

Dr. Conwell's term would then become “Closed Complex Fracture”, and fractures would be either 
“Closed” or “Open”, “Simple” or “Complex”. 

John G. Hand, M.D., Philadelphia, Pennsylvania 


The follon-ing letter is reprinted, by permission of the .American Medical .Association, from the Cor- 
respondence Department of the Journal of Ihe American Medical Association, vol. 137, p. 211, 1948: 

NOMENCLATURE OF FRACTURES 

To the Editor: I have just received from Dr. H. Earle Conwell of Birmingham, .Ala., a reprint of his note 
to THE JOURNAL with regard to nomenclature of fractures. Dr. Conwell recommends the term “complex 
simple fracture” for “complicated simple fracture” and quotes Webster’s definition of comple.x. However, 
he quotes only the definition of the noun, which does not applj-. To make sense he should have quoted the 
definition of the adjective, \iz., “invoKmg many parts ; complicated; intricate”. Not to complex (Webster's 
transitive verb) the issue, the real confusion stems from the original temv;, simple and compound, neither 
of which means anj-thing as applied to fractures. 

.As one not learned in etjunologj* or other branches of philology, including semasiologj', but acknowl- 
edging the need of descriptive values in nomenclature, I suggest dropping the designations “simple" and 
“compound” in favor of “closed” and “open". Qualifj-ing adjectives such as complicated, crushing or com- 
minuted should be used together with morphologic descriptive terms as to location of the fracture in the 
bone and its direction. 

Certainly a fracture of the tibia and fibula with the skin unbroken but everything else in the leg com- 
pletely smashed can hardly be called a simple fracture, no matter what descriptive adjectives may be applied 
fore or aft. 

Richard B. Dillehani, M.D., Portland, Oregon 
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Diagnostic bt Traitement des Maladies de i.a Colonne Vehtebrale (Diagnosis and Treatment o 

Diseases of the Spine). Jean Saidnian. Paris, G. Doin et C^'’, 1948. 4,500 francs. 

This is a monumental work of 1230 pages with 1324 illustrations, diagi'ams, line drawings, and roent- 
genograms, published in two volumes. It is a diflicult ta.sk to give full justice to this magnificent treatise in ar 
ordinaiy hook review. 

According to the author, this work was conceived as a simthesis of the enormous amount of materia 
scattered throughout the special literature on diagno.sis and treatment of diseases of the spine. The authoi 
prepared 150 pages of references which, unfortunately, could not be published on account of paper shortage 
Many thousands of roentgenograms had to be examined before the typical and atypical illustrations for tlu 
book could be selected. These illustrations and their detailed anal^’-sis in the text represent a most compre- 
hensive atlas of roentgenography of the spine. 

The general plan includes several considerations: 

1. Rules on clinical examination, technique, interpretation of painful phenomena, investigation of 
articular function, muscle reactions, and mcdullaiy radicular and vasomotor complications. The roentgeno- 
graphic examination includes a detailed description of normal roentgenographic findings. 

2. General processes affecting the vertebral body, discs, and articulations. 

3. Deformities of the vertebral column, which are static s 3 'ndi-omes produced b.v various causes. 

4. Changes connected with slow modifications of the bonj% disc, or articular structures, differenth' 
manifested in infancy, adolescence, adult life, and old age. 

5. Destructive lesions, including traumatic, infectious, and neoplastic changes. 

6. Congenital changes. 

7. Clarification of tcrminologj-. Etiological, statistical, and theoretical considerations were eliminated 
unless they had some relation to diagnosis or treatment. 

The introduction deals with the functional, anatomical, and etiological factors of diagnosis. The text is 
divided into twelve chapters under the following titles: General Processes Affecting the Spine; Radiodiag- 
nosis of the Spine; Static Deviations of the Spine; Affections of the Intervertebral Discs; Trauma of the Spine; 
Tuberculosis of the Spine; Non-Tuberculous Infectious Spondjditis; Osteocartilaginous Dystrophies of 
Growth; Osseous D^’-strophios of the Adult; Vertebral Arthritides; Tumors of the Spine; and Congenital 
Malformations. 

The author is primarily a roentgenologist. This is refleeted in the deseription of the various afflictions of 
the spine, with a definite preponderance of the diagnostie portion over the portion dedicated to treatment. 
The author discusses various types of physical therapy. Descriptions of surgical treatment are usually of a 
general character, and contrast with the detailed and excellent descriptions of diagnosis and evolution of 
the various diseases of the spine. A few of the most recent methods of orthopaedic surgery', as used in the 
United States, are mentioned. 

The abundance of information and the general excellence of the text and illustrations justify high recom- 
mendation of this book to the specialists in orthopaedic surgeiy and in roentgenology who are familiar H'ith 
the French language. It ma 3 " even be of importance to the reader who possesses onl 3 ' a superficial acquaint- 
ance with French. 


Identification of Tumors. Essential Gross and Micro.scopic Pathologic Features Systemicallv 
Arranged for Easier Identification. N. Chandler Foot, M.D. Philadelphia, J. B. Lippincott Com- 
pan3'. 1948. .56.00. 

According to the author’s preface, this book was compiled "to serve as a brief guide to the identit 3 ' of 


tumors and to stimulate further study of them". 

Consisting of 394 pages, the book is so designed that chapters and subheadings are .strikingly apparent 
to the reader’s eye. A S3’Stematic pattern of pre.sentation, boldly outlining the name and S 3 '-non 3 'm.s of each 
tumor, as well as its source, site of growth, gross and microscopic appearances, sites of metasta.sis, and prog- 
nosis. is used effeetiveh'. In instances where such coasidcrations are significant, the ago and sex relationships 

are brieflv stated. • i i: 

The first nine chapters, comprising Part I. are devoted to neoplasms of general distribution. nn'Iial rtf' 

tumors of connective tissue, cartilage, bone, mu.sclc, fat, .serous membranes, lymphoid tissue, and epit le aim. 
T1 XB^nicnt of the Look (Port II) ,U..cril,c» the noopk-.n. ll.ot .m- iriont So, t ,o ™ 

discu.ssion of fixation of ti.s.-ues and staining procedure-s and (2> a falmlar loiaui 


1022 


BOOK KEVIKWS 


1023 


of neoplasms. In this tal)Ie of 26 pages, the author comments on morpholog>-: tj-pe cell, stroma or matrix. 
ilifTert'ntiation. mitotic figures, other featurc.s, chemical admLxture, and diagnosis. 

The hook contains 2-11 text figures. These photomicrograph.s have captured, for the most part, the es.sen- 
ti.al histological jiattern of the majority of tumors described. Since the gross and roentgenographic appear- 
ances of the neoplasms arc not illiLst rated, the reader must depend upon the brief descriptive comment in the 
text for information concerning thc.se important featurc.s. 

Xo .st.atistic.al t.ablcs arc included. Except for an infrequent notation in the text, in a caption, or in a 
footnote, the reader receives no guidance to more comprehensive reports on a particular tumor he mav be 
interested in studying. 

The contribution to the current literature that is afforded by this book resides in the fact that it .sj-stem- 
atically presents a brief and readily identified account of the majority of neoplasms that n-ill be encountered 
by the clinician and pathologi.st. Haxnng identified a particular tumor, the physician ordinarily will need to 
consult more detailed reports to satisfy his interest in the lc.sion and to become fully acquainted with its 
significance. 

Students of medicine and physicians «-il] find the book useful for orientation, rexdew, and quick refer- 
ence. Physicians in training in pathologj- will find acceptable aid in the identification of neoplasms bj- his- 
tological methods. Thus, it would seem that the author had fulfilled the stated objective of prox-iding “a brief 
guide to the identity of tumors”. The corollaiy objective (“to stimulate further study of them”) will be 
fulfilled in accordance with the intcrc.st of the reader and the purpose for which the book is con-sulted. 


Regiox.xl Orthop.xedic Surgery .xxd Fund.x.mext.\l Orthop.xedic Problems. Xumber II. The American 

Academy of Orthopaedic Surgeons. James E. M. Thomson, M.D., Editor. Ann Arbor, Michigan, J. W. 

Edwards, 194S. S7.50. 

The Instructional Courses, given each year preceding the scientific program of The American Academy 
of Orthopaedic Surgeons, have proved to bo a x’cry popular feature of the meetings. The plan of recording 
these courses not only provides a permanent record for those who attend the courses, but presents in textbook 
form a concise summary of the material presented by members of the faculty, making it ax-aiJable to many 
who cannot be present at the .\cadcmy meetings. The volume just published is the fourth in the series, and 
covers the Instructional Courses presented at the meeting in Januarj- 1947. 

/ Of special interest in this volume are the addresses on the historj’ of orthopaedic surgerj- of the nineteenth 
century in Xew York City, in Philadelphia, and in the western part of the United States. These were pre- 
.sented at the historical dinner, held in connection with the Instructional Courses. The section closes with an 
appreciation of Dr. John Ridlon, who played so important a part in the early years of .American orthopaedic 
surgery. 

Xumerous changes in the format make this issue more attractive than the previous volumes. 


Rhecm.xtism .\xd Soft Tissue Injuries. James Cyria.x, M.D., B.Ch. (Cantab.). London, Hamish Hamil- 
ton. Ltd.. 42 shillings; Xew York, Paul B. Hoeber, Inc.. 1948. S9.o0. 

Anvone who sees patients with “rheumatic diseases” and soft-tis-sue injuries will certainly agree with 
Dr. Cvriax that there is great need for more general knowledge of the accurate diagnosis of these condition.=. 
This book presents in systematic fashion the means by which c.xact localization of involved structures can be 
determined. In respect to its handling of this portion of its subject, the book can be highly approx’ed. The 
various anatomical areas, the lesions of which lend themselves to unified diseu=sion, are taken up in separate 
chapters. The diagnostic and therapeutic methods recommended are well illustrated by diagrams and plates. 
Other chapters are dex’oted to more general topics, such as referred pain, traumatic and rheumatic inflamma- 
tion, neuritis and perineuritis, treatment by movement, anaesthesia and analgesia, functional pain, and the 
problem of rheumatism and non-specific arthritis. There is an e.xcellent chapter on the relationship between 
the doctor and the physical therapist. 

In the portions of the book devoted to soft-tissue injuries, there is a x’eiy healthy insistence upon ac- 
curaev in diagnosis and in terminologj'. The use of such vague terms as “rheumatism”. “fibro=iti=”. and 
“fasciitis” without designation of the tissue affected is rightly decried. The logical distinction Iretwecn 
“neuritis” and “perineuritis” is properly stressed. Both in the chapter on referred pain and throughout the 
book, the important fact that pains radiate segmentally is utilized. In spite of the undoubted demoastration 
of this by Lewis and KeUgren over ten years ago, the belief is still too n-idespread that peripheral projection 
of pain is cx-idcnce of nerx-e inx-olx-ement. 

The author adopts a conseiwatix'c attitude toward the treatment of interx"ortebral-di.=c protru-ion. and 
rightly adx-ises against operation unless the stage of sciatica from root pressure has been reached. He does not 
u=e myelography in the diagnosis of disc lesions, and states rather swecpingly that for this purpose myelog- 
raphy has been abandoned. 

The use of deep massage for lesions of muscles, tendons, ligaments, and fascia, for contracture- of joint 
capsules, and for the late stages of suMcltoid bursitis, is strongly recommended. The nuanipulatix'e treat- 
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nieiits of tennis clbon', adliesions about various joints, sacro-iliac suJjIuxation, and pi-otrusions of iiife 
vertebral discs arc described. Tlie text lays insuflicicnt emphasis on the fact that these manoeuvres are to 1 
attempted only by those specially qualified by training and experience. Manual treatment of intestinal spasi 
is described. The author attributes success to this measure in patients who were unable to obtain relief froj 
otJ)or tj'pes of treatment. 

No field in medicine or surgery is more open to controvci'sy than the problem of rheumatism. It is, then 
fore, not surprising to find statements on this subject with which one does not agree. Rheumatoid arthrit 
is grouped, along \^'ith infective arthritis and spondylitis deformans, as one of the infective arthritides. Thi 
concept is not only awkward, but has the disadvantage of prejudicing one to a belief in the infectious etiolog 
of this disease, when in truth no sound evidence for such a conclusion has ever been brought forth. The authc 
states that he is tempted to regard rlieumatoid artliritis as a disease caused by a fibrotrophic virus. It is th 
opinion of the reviewer that the author docs not stress sufficientlj’’ the importance of physical therapj’’ in th 
treatment of rheumatoid arthritis; and that a great deal too much emphasis is placed upon the value of gol 
therapy in this disease. 

Medullary Nailing or Kuntscher. Fiist English Edition. Lorenz Bolder, M.D. Translated from th 

Eleventh German Edition bj’' Hans Trotter, M.D. Baltimore, The Williams and Wilkins Companj 

1948. 87.00. 

Dr. Bolder, whose books on the treatment of fractures have been translated into several languages an( 
recognized as of great value by surgeons of many lands, is an enthusiastic advocate of the method of medul 
lary nailing described by Kuntscher in 1940. As Director of the Unfallkrankenhmts in Vienna, where thou 
sands of fractures are treated each year, he has had unusual opportunity to give adequate trial to thcsi 
newer methods. His broad experience has led to mature deductions as to the indications and contra-indica 
tions of the various techniques. 

Dr. Bolder believes that: “Kiintscher’s medullar 3 '- nailing is an astonishing and important innovation ir 
traumatic surgery. With careful selection of cases and proper technique it is superior to all previous methods 
for the treatment of fresh closed fractures, especiallj' those of the femur.” He feels that this form of nailing 
should not be used in fractures of the radius and ulna, in fresh closed and compound fractures of the tibia, 
and only in exceptional cases of closed fractures of the humerus. His conclusions as to the value of the method 
are based upon some 600 cases seen or treated by him. 

In a perusal of the literature and in verbal reports, however, he found that the use of the Kiintschei 
method in some hospitals had been less successful; that, in addition to the good results, a large number oi 
complications and failures had been reported. Believing that these unfortunate results had come because 
many surgeons, in their first enthusiasm for the Kiintscher method, had overlooked the fact that it could not 
be used without due I'egard for the general condition of the patient or the fundamental principles of fracture 
treatment, Dr, Bolder, in this book, has tried to point out the circumstances leading to serious complications 
from the use of the method. He feels that many of the failures have been due to faulty technique and to lack 
of understanding of the contra-indications. This enthusiastic support of the method in carefully' selected 
cases, tempered with his extreme caution, both in the selection of cases and in his technique, explains the form 
of presentation and the purpose of the book. 

The first portion of the book, the "General Part”, discusses the "Operative Treatment of Fresh Closed 
Fractures with the Medullary Nail of Kiintscher without Exposure of the Fj'acture Field”, the “Operative 
Treatment of Fractures with the Medullary Nail of Kiintscher through Exposure of the Fracture Field , 
and the "Complications of Medullary Nailing”. 

The second half of the book, the "Special Part”, discusses fractures of the different long bones, explain- 
ing conciselj’’, jmt in some detail, the methods of choice, as well as the contra-indications for each alternative 
method, in the specific types of fractures. He recognizes that inci'eased knowiedge of the role of antibiotics 
may later make safe the use of the Kuntscher nailing in types of fractures w’here it is now' condemned. 

The book is an excellent translation of the last German edition, previously review'ed in The Journal 
(July 1947). Those who have followed Professor Bohler’s teachings will welcome this English vci-sion, in 
which he luis so carcfull 3 ' evaluated the Kiintscher method of treating fractures of the long bonc.s. 

Nursing for the Poliomyelitis Patient. Joint Orthopaedic Nursing Advisory Service. New "i ork, 1948. 

The Joint Orthopaedic Nursing Advisory Service of the National Organization for Public Health Nurs- 
ing and the National League of Nursing Education has prepared a small handbook for nurses engaged in flic 
care of patients with poliom 3 'clitis. 

The nature of the disease is discussed bricfl 3 '. Then the phases of nursing care are outlined, .siieciid at- 
tention being given to procedures useful in the acute and early convalescent stages of the di.seasc. f-inc 
drawings illustrate the optimum positions for the patient, and the method of application of packs. One .sec- 
tion i.s devoted to nursing the patient in a respirator. 

This booklet is written elearhv and coneisoK'. and contains practical information on both the jiln'sieal 
and ps\'ehologieal rehabilitation of these patienf.s. 
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